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TWO FIGURES 


(Received for publication December 20, 1943) 


In this study, the riboflavin and thiamine excretions of two normal 
5-year-old boys were followed as the intakes of these vitamins were 
increased from very low to much higher levels. In addition, 1-hour 
fasting excretions, 4-hour and 24-hour returns of test doses of both 
vitamins, and the thiamine content of the blood were determined during 
the last period on each level of intake. It was hoped that this type of 
study would furnish information concerning the needs of children 


of this age for these vitamins as well as a comparison of the different 
methods for determining nutritional status with regard to riboflavin and 
thiamine. 


METHODS OF STUDY 


The subjects were two normal 5-year-old boys whose weights were 
16.6 and 17.7 kg. They had been living in an institution for 3 months 
previous to this study and were known to have received good diets. 
During the period of study, they lived in the hospital but were given 
an unusual amount of freedom. When weather permitted, they were 
taken outside for play both morning and afternoon; otherwise, they 
played in a large, airy playroom. This schedule was considered com- 
parable to that of the average city child of this age. 

The experiment ran continuously for thirty-six 3-day periods with 
the exception of a 6-day period on one child. This interruption was due 
to an acute upper respiratory infection, coupled with a gastro-intestinal 
disorder; the study was resumed when he was apparently normal, as 
judged by a physician. Later in the study, both children had a similar 
disorder which also lasted for 6 days. During this time, urine collec- 


* Quaker Oats Fellow of the American Academy of Pediatrics. 
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tions were made as usual, although it was necessary to change their 
diets. The riboflavin and thiamine intakes, however, were maintained 
by supplements of the pure vitamins. 

Diets were given which were adequate except for their riboflavin 
and thiamine contents. The meal pattern used throughout the study 
was: Breakfast — apple juice or orange juice, oatmeal or unenriched 
farina,? toast, butter and jelly; Dinner — chicken, lamb or beef, rice 
or potato, vegetable, fruit, bread, crackers and butter; Supper — 
chicken, lamb, beef, peanut butter or egg, vegetable, fruit, bread and 
butter, jello, ice or grape juice, cookie. Only canned vegetables and 
fruits were used. Those included were carrots, beets, peas, tomatoes, 
green beans, pears, peaches, apple sauce and pineapple. The bread 
was made by one of us from unenriched flour, low vitamin yeast and 
without milk. At each level of intake, foods which furnished the desired 
amounts of riboflavin and thiamine, were selected from this list and 
arranged in three daily menus which were used in rotation as long as 
the subjects were on that particular level. Milk in amounts ranging 
from 140 to 630 gm. per day was given in all periods except those of 
lowest riboflavin and thiamine intakes. In addition, the diet was supple- 
mented with 500 mg. calcium as dicalcium phosphate ; 25 mg. of ascorbic 
acid; 6 mg. of iron as ferric pyrophosphate and 2 teaspoonfuls of cod 
liver oil daily until such time as adequacy in these nutrients was 
assured by dietary means. Servings of foods furnishing appreciable 
amounts of vitamins were kept constant but the consumption of such 
foods as bread, butter, jelly, crackers and unenriched farina was not 
limited. 

At the end of the study the regular hospital diet, estimated to con- 
tain approximately 800 pg. of thiamine and 1500 yg. of riboflavin, was 
given ad libitum for 5 days with daily supplements of 6 mg. of ribo- 
flavin and 4 mg. of thiamine.’ Following this, the supplements were 
discontinued for a 2-day period before the final test doses were given. 

All meals were prepared, weighed and served by one of us. At the 
same time samples of each food were taken for analysis. Composites 
representing one-fifth of the food eaten during each 3-day period, 
with the exception of cereals, butter and sugar, were made at the end 
of the period, homogenized and adjusted to approximately pH 1 by 
the addition of 8 ml. of concentrated hydrochloric acid per liter of 
suspension. Cereals were treated separately in order to rule out any 
untoward effect on the riboflavin assays. 


* Kindly supplied by the Quaker Oats Company. 
* The riboflavin and thiamine were generously supplied by Merck and Company. 
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Continuous urine collections were made. Each sample was immedi- 
ately preserved with toluene and acetic acid and then refrigerated. 
One hour specimens of urine voided before breakfast were collected on 
2 or more days in the periods previous to changes in the diet and 
analyzed separately. Riboflavin and thiamine test doses of 75 yg. per 
kilogram of body weight were given orally before each increase in vita- 
min intake. This amount was selected because it seemed to be one 
which could be used for children of all ages and weights without making 
the test doses excessively high in the case of large children and too 
low in the case of small ones. The thiamine and riboflavin test doses 
were given on successive days with vitamin low breakfasts. Consecu- 
tive 4-hour and 20-hour collections were made and analyzed separately. 
The 4-hour test dose return was considered to be the total excretion 
during the 4 hours immediately following the administration of the 
test dose; the 24-hour return was calculated by subtracting the average 
daily excretion of the previous period from the total excretion during 
the 24 hours following the test dose administration. 


The riboflavin content of food composites and of urine was de- 
termined by the microbiological method (Snell and Strong, ’39; Strong 
and Carpenter, ’42; Silber and Unna, ’42). A slightly different basal 
medium in which* the amounts of peptone and glucose were double 
those used in standard basal medium, was used for cereal assays. 
Isbell, Wooley and Fraser (’41) reported that trea in amounts greater 
than 20 mg. per tube inhibited the growth of lacto-bacillus casei and 
eaused a downward drift in the riboflavin values as the amount of 
urine per tube was increased. We encountered no such drifts in our 
assays when the urine was increased from 1 to 5 ml. per tube and 
interpreted this as evidence that no inhibition was taking place. Urea 
determinations were not made but on the basis of the protein intake, 
the amount of urea in the tube containing 5 ml. of urine was calculated 
to be 40 mg. or more. 

Thiamine determinations were made by the microfermentation 
method * (Atkin, Schultz and Frey, ’39) as described by Knott, Kleiger 
and Torres-Bracamonte (’43). 


‘Suggested by Dr. Harris Isbell of the U. S. Public Health Service. 

* After this paper was submitted for publication, an article by H. F. Deutsch (’44) appeared 
in which he stated that the yeast microfermentation method may give only approximate values 
for thiamine since other factors may also have a stimulatory effect, particularly during the 
pyrimidine determination. According to this, our thiamine values should be low. However, 
when compared with thiochrome assays on the same samples, the values obtained by the 
microfermentation method were usually slightly higher. 
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RESULTS AND COMMENT 
Riboflavin 


One-hour fasting excretions. After 12 to 18 days on average intakes 
of 250 and 275 pg. the 1-hour fasting excretions of both subjects con- 
tained only very small amounts (1-2 ug.) of riboflavin (table 1, fig. 1). 
Such small excretions, both relatively and absolutely, have been in- 
terpreted as an indication of near depletion (Najjar, ’42). On higher 
intakes the excretions increased and paralleled the intakes with the 
exception of the periods following the upper respiratory infections. 
Such a gradual rise made this test of little value in studying riboflavin 
needs, since as yet, the amount indicative of a good nutritional state 
is not known. However, its eventual use as a test of nutritional status 
with respect to riboflavin after standards have been established seems 
promising, since it showed good correlation (0.83)® with the dietary 
intake. 

Test dose returns. A comparison of the 4- and 24-hour returns of 
test doses of 75 pg. per kilogram (table 2) shows that both rose gradu- 
ally as the riboflavin intake was increased and that both reflected the 
depleting effect of the upper respiratory infections. The correlation 
between the 4 and 24-hour returns was 0.89 and both showed good 
correlations with the dietary intake (0.76 and 0.79, respectively) and 
with the fasting 1-hour excretions (0.92 and 0.85, respectively). Thus 
it seems that the 1-hour fasting excretion, the 4-hour and the 24-hour 
return of a test dose all reflect equally well the nutritional status with 
respect to riboflavin. However, since neither the 1-hour fasting excre- 
tion nor the 4-hour return of the test dose requires the determination 
of the excretion during a control day on the same diet, these tests would 
be preferable in most cases. 

Daily excretions. The average daily excretions of both subjects de- 
creased progressively at the 250- and 275 ug. levels of intake and in- 
creased progressively at the 550-ug. level (table 1, fig. 1); this was 
interpreted as evidence of a gradual depletion of tissue riboflavin at 
the lower and a gradual rebuilding of normal stores at the higher level. 
If the 550-ug. intake had been continued for a longer period it is pos- 
sible that eventually it might have supported even higher excretions. 


* Correlation coefficients were caleulated according to the Product-Moment formula: 
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TABLE 1 
Riboflavin and thiamine excretions and thiamine blood levels on different intakes 


SUBJECT 1 
| 
| AVERA D. 
AV. DAILY INTAKE RIBOFLAVIN EXCRETION | INTAKE or | THIAMINE EXCRETION 
RIBOFLAVIN | THIAMINE BLOOD 
ve. | THIA- 
PERIODS thr, | AY: | | av. | 
eS Av. per24 | | per Av. per2a | | per | PER 
Cal- Caleu- | Deter- | A after | Caleu- | Deter : | after | 0 
n- ories | lated? | mined | test lated 2 test ML. 
ing 2 dose ing 2 
ug. ug. | ug. | mg. ag. | | mw. | 
n- 1290 300) 250 | 50,40,30,) 140 2 i 2s 225 | 150 |90,20,10, | 30 3 
14 9 OM; | 9 OU, | 4.9 
or 20,20,20 | 20,10, 30 | 
700 550 | 30, 40,40, | 160 4 7-16 475 475 |50,50,40,/ 20) 2 | 69 
1e 40, 70, 70 90, 90, 60, | 
Ss. 40, 60, 50, 
50 
1310 900 700 130,140, 240 9 17-20 575 600 | 130,70, 150 63 
te 130, 140, 120, 110 
110, 50 
1450 1150 850 100,70, 100 3 21-296 750 700 150,90, |... | .. 
ns 470, 200 190, 170, 
180, 180, 150, 230 
ry 120, 90 
7-31 1370 1375 1050 90, 230, 110 13 27-31 775 700 |170,130, | 150 6 | 84 
230, 200, 100, 180 
of 210 20 
u- 2-36 1540 1850 1450 320,340, 420 23 32-36 900 950 280,290, 160 11 75 
330, 400, 280, 370 
he ‘70 
37 .... | 7500 | .... 5080 4800... | 2370 
8 | 2000 |.... | 80 440-335 | 38 800... 950 300 «B84 
1d SUBJECT 2 
1520 «325.275 ; 50, 20,20,, 80 2 | 1-4 250 200 30, | 7 | 2 | 36 
, 30 30, 50 
ur 725 | | 30,30,50, | 150 5 | 5-14 500 525 40,100, 80 | 3 | 48 
th 60, 70, 80 100, 150, 
90, 90, 90 
pr 
80, 60, 60. 
on I-16 1380 900 725 | 110,90, 220 9 15-20 575 600 50,130, 130 | 4 | 53 
100, 90 140, 130, 
Id 100, 140 160, 120 
17-26? 1410 1125 875 170,160, 140 7 21-26" 750 700 | 180,180, 
210, 150, 220, 180, 
le- 340, 440, 230, 120 
390, 170, | | | 
n- 100, 110 | 
as 7-381 1690 1425 | 1075 | 160,140, | 280 14 (27-31 | 825 750 160,180, 160 | 7 7.1 
220, 250 140, 150 
at , 150, 
270 130 
el. 2-36 «1520 | 1775 1425 470,430 | 360 23 | 32-36 | 875 925 290,310, | 180 | 7 7.7 
320, 490, 220, 280, 
440 260 
is. | 7500 | 5050 |. 4800! 11560 
38 1500... 440 | 25 800 ... | 800 (300 | 11. 65 


‘Both the riboflavin and the thiamine content of the diet were calculated from a table of values which 
ms compiled after a survey of published data from many sources. Recipes were calculated and losses 
"cooking and canning were taken into consideration. These calculations were made for comparison 
ith the determined values on the composites. The diserepaney between calculated and determined ribo- 
“avin values is due chiefly to the riboflavin content of the milk which was calculated as 200 ug. per 100 gm. 
Analyses showed it to contain approximately 180 ug. per 100 gm. 

"The 1-hour fasting values represent the average of two or more determinations, carried out on succes- 
¢ days. 

‘During periods 21 and 22 both subjects had acute upper respiratory infections. . 
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tions were made as usual, although it was necessary to change their 
diets. The riboflavin and thiamine intakes, however, were maintained 
by supplements of the pure vitamins. 

Diets were given which were adequate except for their riboflavin 
and thiamine contents. The meal pattern used throughout the study 
was: Breakfast —— apple juice or orange juice, oatmeal or unenriched 
farina,® toast, butter and jelly; Dinner — chicken, lamb or beef, rice 
or potato, vegetable, fruit, bread, crackers and butter; Supper — 
chicken, lamb, beef, peanut butter or egg, vegetable, fruit, bread and 
butter, jello, ice or grape juice, cookie. Only canned vegetables and 
fruits were used. Those included were carrots, beets, peas, tomatoes, 
green beans, pears, peaches, apple sauce and pineapple. The bread 
was made by one of us from unenriched flour, low vitamin yeast and 
without milk. At each level of intake, foods which furnished the desired 
amounts of riboflavin and thiamine, were selected from this list and 
arranged in three daily menus which were used in rotation as long as 
the subjects were on that particular level. Milk in amounts ranging 
from 140 to 630 gm. per day was given in all periods except those of 
lowest riboflavin and thiamine intakes. In addition, the diet was supple- 
mented with 500 mg. calcium as dicalcium phosphate; 25 mg. of ascorbie 
acid; 6 mg. of iron as ferrie pyrophosphate and 2 teaspoonfuls of cod 
liver oil daily until such time as adequacy in these nutrients was 
assured by dietary means. Servings of foods furnishing appreciable 
amounts of vitamins were kept constant but the consumption of such 
foods as bread, butter, jelly, crackers and unenriched farina was not 
limited. 

At the end of the study the regular hospital diet, estimated to con- 
tain approximately 800 pg. of thiamine and 1500 pg. of riboflavin, was 
given ad libitum for 5 days with daily supplements of 6 mg. of ribo- 
flavin and 4 mg. of thiamine.* Following this, the supplements were 
discontinued for a 2-day period before the final test doses were given. 

All meals were prepared, weighed and served by one of us. At the 
same time samples of each food were taken for analysis. Composites 
representing one-fifth of the food eaten during each 3-day period, 
with the exception of cereals, butter and sugar, were made at the end 
of the period, homogenized and adjusted to approximately pH 1 by 
the addition of 8 ml. of concentrated hydrochloric acid per liter of 
suspension. Cereals were treated separately in order to rule out any 
untoward effect on the riboflavin assays. 


? Kindly supplied by the Quaker Oats Company. 
* The riboflavin and thiamine were generously supplied by Merck and Company. 
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Continuous urine collections were made. Each sample was immedi- 
ately preserved with toluene and acetic acid and then refrigerated. 
One hour specimens of urine voided before breakfast were collected on 
2 or more days in the periods previous to changes in the diet and 
analyzed separately. Riboflavin and thiamine test doses of 75 ye. per 
kilogram of body weight were given orally before each increase in vita- 
min intake. This amount was selected because it seemed to be one 
which could be used for children of all ages and weights without making 
the test doses excessively high in the case of large children and too 
low in the case of small ones. The thiamine and riboflavin test doses 
were given on successive days with vitamin low breakfasts. Consecu- 
tive 4-hour and 20-hour collections were made and analyzed separately. 
The 4-hour test dose return was considered to be the total excretion 
during the 4 hours immediately following the administration of the 
test dose; the 24-hour return was calculated by subtracting the average 
daily excretion of the previous period from the total excretion during 
the 24 hours following the test dose administration. 

The riboflavin content of food composites and of urine was de- 
termined by the microbiological method (Snell and Strong, 39; Strong 
and Carpenter, ’42; Silber and Unna, ’42). A slightly different basal 
medium in which‘ the amounts of peptone and glucose were double 
those used in standard basal medium, was used for cereal assays. 
Isbell, Wooley and Fraser (’41) reported that urea in amounts greater 
than 20 mg. per tube inhibited the growth of lacto-bacillus casei and 
caused a downward drift in the riboflavin values as the amount of 
urine per tube was increased. We encountered no such drifts in our 
assays when the urine was increased from 1 to 5 ml. per tube and 
interpreted this as evidence that no inhibition was taking place. Urea 
determinations were not made but on the basis of the protein intake, 
the amount of urea in the tube containing 5 ml. of urine was calculated 
to be 40 mg. or more. 

Thiamine determinations were made by the microfermentation 
method * (Atkin, Schultz and Frey, ’39) as described by Knott, Kleiger 
and Torres-Bracamonte (’43). 


‘Suggested by Dr. Harris Isbell of the U. S. Public Health Service. 

* After this paper was submitted for publication, an article by H. F. Deutsch (’44) appeared 
in which he stated that the yeast microfermentation method may give only approximate values 
for thiamine since other factors may also have a stimulatory effect, particularly during the 
pyrimidine determination. According to this, our thiamine values should be low. However, 
when compared with thiochrome assays on the same samples, the values obtained by the 
microfermentation method were usually slightly higher. 
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RESULTS AND COMMENT 
Riboflavin 


One-hour fasting excretions. After 12 to 18 days on average intakes 
of 250 and 275 ug. the 1-hour fasting excretions of both subjects con- 
tained only very small amounts (1-2 yg.) of riboflavin (table 1, fig. 1). 
Such small excretions, both relatively and absolutely, have been in- 
terpreted as an indication of near depletion (Najjar, ’42). On higher 
intakes the excretions increased and paralleled the intakes with the 
exception of the periods following the upper respiratory infections. 
Such a gradual rise made this test of little value in studying riboflavin 
needs, since as yet, the amount indicative of a good nutritional state 
is not known. However, its eventual use as a test of nutritional status 
with respect to riboflavin after standards have been established seems 
promising, since it showed good correlation (0.83)® with the dietary 
intake. 

Test dose returns. A comparison of the 4- and 24-hour returns of 
test doses of 75 ug. per kilogram (table 2) shows that both rose gradu- 
ally as the riboflavin intake was increased and that both reflected the 
depleting effect of the upper respiratory infections. The correlation 
between the 4 and 24-hour returns was 0.89 and both showed good 
correlations with the dietary intake (0.76 and 0.79, respectively) and 
with the fasting 1-hour excretions (0.92 and 0.85, respectively). Thus 
it seems that the 1-hour fasting excretion, the 4-hour and the 24-hour 
return of a test dose all reflect equally well the nutritional status with 
respect to riboflavin. However, since neither the 1-hour fasting excre- 
tion nor the 4-hour return of the test dose requires the determination 
of the excretion during a contro] day on the same diet, these tests would 
be preferable in most cases. 

Daily excretions. The average daily excretions of both subjects de- 
creased progressively at the 250- and 275 ug. levels of intake and in- 
creased progressively at the 550-ug. level (table 1, fig. 1); this was 
interpreted as evidence of a gradual depletion of tissue riboflavin at 
the lower and a gradual rebuilding of normal stores at the higher level. 
If the 550-ug. intake had been continued for a longer period it is pos- 
sible that eventually it might have supported even higher excretions. 


* Correlation coefficients were calculated according to the Product-Moment formula: 
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TABLE 1 
Riboflavin and thiamine excretions and thiamine blood levels on different intakes 
SUBJECT 1 
| 
AVERAGE DAILY } 
AV. DAILY INTAKE RIBOFLAVIN EXCRETION INTAKE OF THIAMINE EXCRETION 
RIBOFLAVIN THIAMINE BLOOD 
PERIODS A | 
4-hr. |  RIODS | 
Cal-  Caleu- | Deter Av. per 24 after | Calea- | Deter. ,A¥-,Per 24 ft 
lated? | mined feet fast: lated ‘est 1 hr. 100 ML. 
ing 2 dose ing 2 
ug. ug. ag. ug. ag. ug. ne. ug. ug. “ug. “a. 
1-6 1290 300 250 | 50, 40,30,' 140 1 1-6 225 150 | 90, 20,10, 30 | 3 4.9 
20, 20,20 | 20, 10, 30 ie 
7-12 1390 700 550 30,40,40, 160 4 7-16 | 475 475 |50,50,40,| 20 | 2 | 69 
40, 70, 70 '90, 90, 60, | 
40, 60, 50, 
50 
13-18 1310 900 700 130,140, 240 9 17-20 575 600 (130, 70, 150 3 | 63 
130, 140, 120, 110 
110, 50 
19-26 1450 1150 850 100,70, 100 21-26 750 700 | 150,90, 3 
470, 200 190, 170, 
180, 180, 150, 230 
120, 90 
97-31 1370 1375 1050 $0, 230, 110 13 27-31 775 700 |170,130, 
230, 200, 100, 180, 
210 210 
32-36 1540 1850 1450 320,340, 420 23 32-36 900 950 280,290, 160 11 75 
330, 400, 280, 370, 
280 
37 ..-. | 7500, .... 5080 | | ... (8870 
38 case | 440-35 38 800... 950 300 17 | 84 
| SUBJECT 2 
1520, 325-275 ; 50,20,20,, 80 2 | 1-4 | 250 200 ,120,30, | 70) 2 EZ 
3 30 30, 50 
j «1570 725 550 | 30, 30,50, | 150 5 5-14 500 525 | 40,100, 
60, 70, 80 150, 
| 90, 90, 90 
| 80, 60, 60 
1 11-16 | 1380 900 | 725 | 110, 90, 220 9 15-20 575 600 |50,130, 130 | 4 | 53 
, | | 100, 90, | 140, 130, 
1 140 ‘| 160, 120 
17-26* 1410 1125 | 875 170,160, | 140 7 | 21-26" 750 | 700 | 180, 180, aS 
210, 150, /220, 180, 
240,440, | 230, 120 
300,170, | | | 
jo 100, 110 | | | 
27-31 | 1690 | 1425 | 1075 160,140, | 280 14 27-31 | 825 750 160,180, 160 7 | 
220, 250, 140, 150, | | 
t | 270 | | 130 
32-36 1520 1775 | 1425 470,430 | 360 23 | 32-36 | 875 925 290,310, 180 | 7 | 7.7 
320, 490, 220,280, 
- 440 260 
37 7500 | | 50500 | 87 4800] ... |1560 
1500 .. | | 440 | 95 (38 ... | 800 (300 | 11 «| 65 
*Both the riboflavin and the thiamine content of the diet were calculated from a table of values which 
was compiled after a survey of published data from many sources. Recipes were calculated and losses 
in cooking and canning were taken into consideration. These calculations were made for comparison 
with the determined values on the composites. The diserepancy between caleulated and determined ribo- 
flavin values is due chiefly to the riboflavin content of the milk which was caleulated as 200 ug. per 100 gm. 
Analyses showed it to contain approximately 180 ug. per 100 gm. 
*The 1-hour fasting values represent the average of two or more determinations, carried out on succes- 
sive days. 
*During periods 21 and 22 both subjects had acute upper respiratory infections. 
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Fig. 1 Average daily excretions, test dose returns and fasting excretions of riboflavin at 
different intake levels. 
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The comparatively constant excretions, however, on the 700- and 
725-ug. intakes (0.53 mg. per 1,000 Cal.), made it seem quite certain that 
this amount met the requirements of these subjects, and would there- 
fore be an adequate allowance for children of this age. When the 
intake was at this level, the average daily excretions were 117 and 
105 pg.; the 1-hour fasting excretions were 9ug.; the 4-hour returns 
of test doses were 20 and 17% and the 24-hour returns of test doses 


were 32 and 23%. 
TABLE 2 


Comparison of 4- and 24-hour returns of 75 ug. per kilogram test doses* of 
riboflavin and thiamine 


RIBOFLAVIN THIAMINE 
SUBJECT | Test dose return Test dose return 
Average dietary intake Average dietary intake 
4 hr2 24 4 hr2 24 hr? 
1 250 z= 13 150 2 13 
2 275 6 6 200 5 -_ 
1 550 13 18 475 1 5 
2 550 12 19 525 6 12 
1 700 20 32 600 13 22 
2 725 17 23 600 10 32 
1 850 9 7 700 
2 875 22 700 
1 1050 8 17 | 700 12 17 
2 1075 | 20 36 750 12 18 
4 1450 33 50 | 950 
2 1425 | 2 | 47 oe 925 13 | 2 
1 1500 | 35 so | 800 23 | 857 


+ Test doses for subject 1 were approximately 1250 ug.; for subject 2, 1350 ug. 

* Total excretion during 4 hours following test dose administration with a vitamin low break- 
fast. 

* Total excretion during 24 hours following test dose administration less the average daily 
excretion of the previous period. 

* Calculated intakes following the 5 days when supplementary vitamins were given. 


The extremely high excretions of riboflavin of subject 1 during period 
21 and of subject 2 during periods 21, 22 and 23 were obviously due to 
the acute upper respiratory infections with accompanying elevations 
of body temperature which probably caused a coincident lack of protein 
deposition. This would be in agreement with the findings of Sarett 
et al. (’42, ’43) that the riboflavin excretion of dogs and rats varied 
inversely with the protein intake and that protein deposition was neces- 
sary for riboflavin retention in the liver. During subsequent periods in 
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Fig. 2 Average daily excretions of thiamine, test dose returns, fasting excretions and blood 
thiamine at different intake levels. 
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which both children were apparently normal in every respect and 
when compensatory protein deposition might have been expected the 
riboflavin excretions were low. This effect was also noted after a similar 
illness of subject 1 which occurred following period 16. Collections 
were discontinued during the time of the illness but his excretion of 
riboflavin was lower in periods 17-20 than it had previously been on a 
similar intake. These lowered excretions continued for 12 to 15 days 
after the children had apparently recovered which suggests the need 
for increased riboflavin intake after this type of illness. 

Average daily excretions of over 300 ug. on 1450- and 1425-yg. intakes 
(periods 32 to 36) and of over 5000 ug. on a 7500-ug. intake in period 37 
made us believe that the tissues of these subjects were saturated with 
riboflavin on the 1450- and 1425-pg. intakes. This viewpoint was further 
substantiated by the similarity of the test dose returns on the two levels 
of intake. 

Riboflavin requirement. A riboflavin intake of approximately 0.50 mg. 
per 1,000 Cal., and amount one-third less than the 0.75 mg. per 1,000 Cal. 
provided by the dietary allowances of the Food and Nutrition Board 
of the National Research Council, seemed to be ample for the subjects 
of this study. At this level of intake (0.53 mg. per 1,000 Cal.) the fast- 
ing 1-hour excretions were 9 yg., and 4-hour test dose returns approxi- 
mately 20%. Excretions of this magnitude, therefore, might be con- 
sidered indicative of satisfactory nutritional status with respect to— 
riboflavin until more data are available. 


Thiamine 


One-hour fasting excretions. The 1-hour fasting thiamine excretions 
followed the same general pattern as those of riboflavin (table 1, fig. 1). 
They were from 2 to 4 yg. on intakes of less than 700 pg. but increased 
to-6 and 7 ug. at that level. Like the riboflavin excretions, they corre- 
lated well (correlation coefficient 0.85) with the dietary intake; this 
made it seem that this test reflected the nutritional status with respect 
to thiamine. 
_ Test dose returns. The returns of thiamine test doses of 75 pg. per 

kilogram (table 2) were small on the low thiamine intakes but both the 
4- and 24-hour returns showed marked increases at the 600-ug. level. 
No further increases of any magnitude occurred until after the subjects 
had received supplementary thiamine in period 37. No evidence of the 
depleting effects of the upper respiratory infections was shown, as 
was the case with respect to the riboflavin test dose returns. This, how- 
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ever, was not surprising, since the daily excretions of thiamine during 
periods 21 and 22 were not abnormally high. 

The correlation between the 4-hour and the 24-hour returns was 
0.91 and both showed good correlations (0.86 and 0.82, respectively) 
with the fasting 1-hour excretions as well as with the intakes (0.87 
and 0.92, respectively). Again, as in the case of riboflavin the decision 
as to which of these three tests to use would depend on the particular 
situation rather than the superiority of any one of them. = 

Blood thiamine. The thiamine blood levels were slightly lower than 
5.0 pg. per 100 ml. of whole blood on the 150- and 200-ug. intake levels. 
This figure was suggested as optimal for infants by Knott (’42). How- 
ever, since Benson et al. (’42) found an average blood level of 7.8 ug. 
per 100 ml. in a group of forty-five normal children and since we found 
that the average blood thiamine of a group of thirty-nine normal chil- 
dren was increased from 5.5 to 7.3 ug. per 100 ml. when the diet was 
improved,’ it is possible that for good nutrition a level of approximately 
7.0 ug. per 100 ml. is desirable. The two subjects in this study had 
values for blood thiamine of this magnitude on intakes of 700 and 
750 ug., respectively. 

The correlation coefficients of the blood thiamine with the fasting 
1-hour excretions, 4-hour and 24-hour returns of test doses and average 
intakes were 0.66, 0.58, 0.40 and 0.45, respectively. Therefore, it seems 
as though less confidence can be placed in this test than in the excretion 
tests as a measure of nutritional status. 

Daily excretions. The average daily excretions of thiamine adjusted 
to a changed intake quite rapidly (fig. 1) after which they remained 
fairly constant at all levels of intake. The per cent of ingested thiamine 
excreted increased gradually with the intake and when the latter 
reached 600 pg., 18% was excreted by subject 1 and 20% by subject 2. 
On intakes of 700 and 750 yg., the per cent excreted was only slightly 
higher (23%) but on the next level studied (950 and 925 ng.), it in- 
creased to 30%. When the intakes were increased to 4800 yg., 49% was 
excreted by one subject and 33% by the other. 

Thiamine requirements. If an excretion of 20% or more of the daily 
thiamine intake can be considered indicative of adequacy, as suggested 
by Benson et al. (’42), it would seem that 600 ug., satisfied the needs 
of these subjects fairly well. The sudden increase in test dose returns 
at this level, gives it further support. On the other hand, at the 700- to 
750-ug., intake level, the per cent of dietary thiamine excreted daily was 
not much above that at the 600-yg.; the 1-hour fasting excretions showed 


* Unpublished data. 
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their first significant increase at this level of intake and the thiamine 
blood levels were higher. This indicated that 750yg., of thiamine 
(approximately 0.50 mg. per 1,000 Cal.) would probably be a safer 
allowance for children of this age until further data are available. 
This amount was that recommended by the Food and Nutrition Board 
of the National Research Council for children of this age. It also agrees 
fairly well with the 0.45 mg. per 1,000 Cal. suggested by Benson et al. 
(’42a) for children and by Williams et al. (’43) as the minimum re- 
quirement of the adult. At this level, the daily excretions were 23% 
of the intake; the fasting 1-hour excretions were 6 and 7 ug.; the blood 
thiamine levels were 8.4 and 7.1lug. %; the 4-hour test dose returns 
were 12% and the 24-hour test dose returns 17 and 18% of the test dose. 


SUMMARY AND CONCLUSIONS 


The average daily urinary excretions of riboflavin and thiamine of 
two preschool children were determined on various levels of intake. 
One-hour fasting excretions, 4- and 24-hour returns of test doses of 
both vitamins and thiamine content of the blood were determined at 
each intake level. 

The 1-hour fasting excretions and the 4- and 24-hour test dose returns 
were found to correlate well with each other and with the intake. There 
was less evidence of correlation of blood thiamine with both the intake 
and the other tests of nutritional status. It seems, therefore, that the 
1-hour fasting excretion and the return of an oral test dose can be 
used equally well in determining the nutritional status with respect 
to riboflavin and thiamine but that the blood thiamine level is less 
reliable. 

The riboflavin requirement was considered to be the lowest level at 
which the daily excretions neither decreased nor increased progres- 
sively. In the case of thiamine, the requirement was based on an 
average daily excretion of 20% of the intake, decided increases in the 
fasting 1-hour excretions and test dose returns, and blood levels of 
7.0 yg. or more per 100 ml. Riboflavin and thiamine intakes of approxi- 
mately 0.50 mg. per 1,000 Cal. satisfied these criteria and therefore 
appeared to meet the needs of the subjects used in this study. 

Until such time as more data are available, the return, in 4 hours, of 
20% of a test dose of riboflavin and of 12% of a test dose of thiamine or 
fasting 1-hour excretions of 9 yg. of riboflavin and 6 yg. of thiamine 
might be considered indicative of satisfactory nutritional status with 
respect to these vitamins. 
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VITAMIN INTERRELATIONSHIPS 


III, INFLUENCE OF SUB-OPTIMUM DOSES OF THIAMINE ON URINARY 
EXCRETIONS OF RIBOFLAVIN 


BARNETT SURE 
Department of Agricultural Chemistry, University of Arkansas, Fayetteville 


(Received for publication February 1, 1944) 


Recently Sure and Ford (’42) reported that in thiamine deficiency 
there is a pronounced disturbance in riboflavin metabolism. Such 
observations were made on animals that were thoroughly depleted of 
thiamine, hence losses of weight were encountered in some of the 
avitaminotic animals, although in some groups the normal animals 
restricted in food to that consumed by the pathological litter mates 
actually lost more weight than the vitamin B, deficient rats. These 
weight changes, not given in the paper referred to, were taken in con- 
sideration in arriving at the conclusion drawn that the marked disturb- 
ance in riboflavin metabolism produced by thiamine deficiency is due 
mainly to poor retention and not necessarily to body tissue catabolism. 

Since border-line rather than marked thiamine deficiencies are more 
commonly found in this country, it was thought of interest to investigate 
the influence of chronic thiamine deficiency on riboflavin utilization. 
Since urinary excretions gave an index of retention and fecal riboflavin 
excretions did not contribute any material information to the picture in 
our previous study (Sure and Ford, ’42), this investigation was limited 
to only urinary excretions. Previously we found large individual dif- 
ferences in fecal excretions of riboflavin and it was, therefore, felt an 
additional set of data would not appreciably influence the relative 
results on retention, if noteworthy changes were observed in urinary 
excretions of riboflavin on different doses of thiamine. 

The experiments were carried out in four series, the results of which 
are summarized in table 1. 

*Research paper no. 784 Journal series, University of Arkansas. Published with the 
approval of the Director of the Arkansas Agricultural Experiment Station. This investigation 
was aided by a grant from the Williams-Waterman Fund of the Research Corporation. 
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MODIFIED PROCEDURE FOR DETERMINATION OF RIBOFLAVIN 
IN RAT’S URINE 


Before presenting the results of this investigation a brief description 
should be given of the modified analytical procedure used for the de- 
termination of riboflavin in the urine. The urine is collected in amber- 
colored bottles containing 10 to 12 ml. N/5 H.SO, to which has been 
added 15 drops of toluene. The urine is analyzed four times weekly. 
During 3 days of the week the urine, adjusted to a pH of about 1 and 
preserved with toluol, is kept in a refrigerator. In the mornings the 
funnels are washed with a fine spray of enough distilled water to allow 
200 ml. dilution for a 48-hour sample and a 100 ml. dilution for a 24-hour 
sample. Ten ml. aliquots are transferred into 50-ml. amber-colored 
Erlenmeyer flasks. The pH is adjusted to about 4.5 with 2N sodium 
acetate buffer, using bromo-cresol-green as an outside indicator. One 
drop of a saturated solution of KMn0Q, is added, the flasks are rotated 
gently several times during 2 minutes, which is sufficient time for the 
oxidation of foreign fluorescent substances to take place. One drop 
(and only occasionally 2 drops) of a 3% solution of H,O, removes 
the excess of KMnQ, and the diluted urine solution clears up without 
foaming. Five ml. of distilled water are now added, so that the cuvette 
for the Pfaltz and Bauer fluorophotometer contains exactly 15 ml. total 
volume. The instrument is set so that the galvanometer reads 25 for 
lug. riboflavin. The whole operation is so rapid that we generally 
run twelve determinations consecutively. The riboflavin is then re- 
duced to the colorless form with 10 to 20 mg. pure sodium hydrosulfite 
crystals. The latter reagent need not be weighed but can be roughly 
estimated by the amount that can be picked up on the tip of a spatula. 
The riboflavin in the urine is computed from a calibrated curve which is 
linear. All riboflavin determinations are carried out with the curtains 
of the laboratory drawn, so as to exclude as much light as possible. 

We find the procedure described above much more accurate and 
rapid than the one used previously (Sure and Ford, ’42). The two main 
advantages are that it prevents foaming of the diluted urine sample, 
and the decomposition of the aqueous solution of sodium hydrosulfite, 
used previously, during the determinations is circumvented. 


SERIES A EXPERIMENTS 


In this series there were six male and eighteen female rats. They 
were started on experiments when they were 35 days of age and weighed 
47 to 65 gm. each. The investigation was carried out on twenty-four 
animals in four groups of six rats in each group. The animals were 
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given ration 5357 of the following percentage composition: casein 
(vitamin-free)* 18; agar-agar, 2; salts no. 1 (Sure, °41), 4; butter fat, 
10; polished rice, 30; and cerelose, 36. Thiamine was administered 
daily in graduated doses, and according to the set up, four animals 
were available for each dose. The first animal received the smallest 
dose and the amount of feed it consumed was allotted to the rest of the 
five animals in each group. The thiamine daily doses were 0, 2, 3, 4, 5, 
and 10 pg., respectively. After 4 weeks the first animal was given 1 pg. 
B, daily. To these doses one must add the 1 yg. contributed daily by 
the polished rice in the ration. Other vitamin supplements were given 
daily as follows: 20 pg. riboflavin, 20 pyridoxine, 6 mg. choline chloride 
and 100 pg. calcium pantothenate, later increased to 200 pg. As a source 
of vitamins A and D, 3 drops of halibut liver oil were given once weekly 
to each animal. The same vitamin supplements were administered to 
the rest of the animals in series B following. Since the animals in 
series A were on isocalorie diets, they were equalized with respect to 
weights during the three metabolism periods, the weights ranging from 
110 to 120 gm. each. 

The first 7-day metabolism study was carried out on the fifty-eighth 
to sixty-fifth days of the experiment. From table 1 it is apparent that 
only the animals which received the 1 to 2 ug. thiamine daily showed 
a greater excretion of riboflavin in the urine. However, since the rats 
which received these thiamine doses lost more weight than the rest of 
the animals in this group, the greater excretion of riboflavin may be 
attributed to losses from the tissues produced by body catabolism. 
This picture was revealed from consideration of the effect of the 20 ug. 
daily dose of riboflavin. However, during the next 7-day metabolism 
period, when the daily dose of riboflavin was reduced to 10ug., 6 to 
1l pg. of thiamine produced the lowest excretion of riboflavin in the 
urine (table 1). The animals which previously received 1 to 2 yg. daily 
were in an advanced avitaminotic state and had to be given 3 to 4 ng. 
daily to prevent polyneuritis and marked anorexia, and because of that 
depleted state, were excreting more riboflavin in the urine than the 
litter mate controls, which were receiving 3 yg. thiamine daily. The 
weight changes during the second as well as third metabolism period 
were negligible, which eliminates body tissue catabolism as a factor in 
the interpretation of the results. Further evidence of a thiamine- 
riboflavin interrelationship in chronic B, deficiency became evident in 
the third metabolism period of 10 days when this group of animals was 
given purified synthetic diet 5388, which is the same as ration 5357, 
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modified by replacement of 30% polished rice with an equivalent amount 
of cerelose. It will be noted that on this purified diet free from natural 
foods the optimum thiamine dose for 10 yg. riboflavin is 12 to 16 ug. 
Increasing the thiamine dose from 4 to 16 yg. decreased the riboflavin 
excretion in the urine, calculated as ver cent of total intake, from 24.7 
to 6.5%. In other words, on the 16 pg. daily dose of thiamine a little 
less than + of the riboflavin intake was excreted in the urine as on the 
4 ug. daily dose of thiamine. However, the increase in urinary excretion 
of riboflavin when the daily thiamine was increased from 20 to 50 ug. 
was not confirmed by later experiments. 


SERIES B EXPERIMENTS 


This series of experiments was conducted with twelve male and 
twelve female rats. They were started when 35 days old, weighing 42 
to 68 gm. each. The animals were placed on ration 5388 and during 
the first 111 days feed was allowed ad libitum, and the daily thiamine 
doses were 0 to 2, 2, 3, 4, 5, and 15 ug., respectively. The experiments 
were carried out as in series A, with four groups of animals, six in 
each group. From the one hundred and eleventh day on isocaloric diets 
were fed and the daily thiamine doses were changed to 1 to 3, 4, 6, 8, 
10, and 20 pg. In spite of differences in weight precipitated by the ad 
libitum feeding the first 111 days of the entire 204 days of the experi- 
mental period, the chronic avitaminosis produced by administration of 
inadequate amounts of thiamine, was responsible for large excretions 
of riboflavin in the urine on daily thiamine doses below 6 ug. (table 1). 
This occurred when the daily dose of riboflavin was either 10 or 20 ug. 

In the first metabolism period, on the 20 yg. daily dose of riboflavin 
the increase of the daily intake of thiamine from 1-3 to 10 upg. reduced 
the urinary excretion of riboflavin, expressed as per cent of intake, 
from 36.9 to 7.8, or about one-fifth. Similarly, in the second metabolism 
experiment, when the daily riboflavin dose was 10 ug., the increase in 
the daily intake of thiamine from 1-3 to 6 pg. reduced the urinary excre- 
tion of riboflavin from 31.8 to 6.9% of the total intake. It is thus evi- 
dent that in chronic thiamine deficiency, uncomplicated by body tissue 
catabolism, greater excretions of riboflavin occur on sub-optimum in- 
takes of vitamin B,. Such greater excretions of riboflavin, as shown 
in a recent publication (Sure and Ford, ’42) represent relatively lesser 
retention of this vitamin; hence it follows that on sub-optimum doses 
of thiamine which produce a chronic B, avitaminosis, there is a poor 
retention of riboflavin. 
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DISCUSSION 


It is apparent from the results of the experiments submitted in this 
communication that a definite thiamine-riboflavin interrelationship 
exists in chronic as well as in acute thiamine deficiency (Sure and Ford, 
42). During 2 months of inadequate thiamine intake no significant 
changes were observed in urinary excretions of riboflavin on a 20-ng. 
daily dose of this vitamin, but great excretions of riboflavin in the urine 
occurred on a 10-yg. daily dose. However, on a 6-month sub-optimum 
thiamine intake large excretions of urinary riboflavin occurred on a 
20- as well as a 10-yg. daily dose of riboflavin. The question arises as 
to the possible significance of these findings in human experience. 
Ferrebee and Waisman (’43) attempted to answer this question but 
their experiences with rats were limited to only a few weeks thiamine 
depletion and they were dealing with acute and not with chronic thia- 
mine avitaminosis. Also, the clinical results submitted by these investi- 
gators on four patients could hardly be considered as convincing, par- 
ticularly since these patients, although suffering from malnutrition, 
were not representative chronic or advanced cases of thiamine defi- 
ciency. It is suggested that, if any relationship between chronic thia- 
mine deficiency and riboflavin retention exists in the human, evidence 
should be obtained from numerous cases of chronic border-line defi- 
ciencies in anorexias of children, polyneuritis of pregnancy, alcholic 
polyneuritis, and in patients suffering from cardiovascular dysfunction 
associated with B, avitaminosis (Weiss and Wilkins, ’36 and ’37; and 
Weiss, ’40). 

SUMMARY 

Chronic thiamine deficiency produces great losses of riboflavin in 
urine, uncomplicated by body tissue catabolism, and hence lowers the 
retention of the latter vitamin. 
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It is the understanding of the authors that a nutrient fed alone is 
never metabolized alone, and that the apparent energy expense of 
utilization, or heat increment, or dynamic effect, of a nutrient is much 
affected (1) by the nutrient combination in which it is metabolized, 
(2) by the method of disposition of the absorbed nutrients by the 
experimental subject, and (3) by the technic of measurement of the 
dynamic effect as representing a single feeding of a test nutrient or 
a difference between higher established states of nutrition. 

In this light the present investigation was conducted to determine 
the dynamic effects in mature, male albino rats of protein, carbohydrate 
and fat, singly and in four combinations, all fed as supplements to 
the same quantity of the same nutritively complete, basal, maintenance 
diet. 

The advantages of the general procedure followed, as compared 
with the measurement of dynamic effects of single test meals fed to 
animals in a post-absorptive state, are that the results are more repre- 
sentative of nutritive practice; they are not confused with the dynamic 
effects of katabolized body nutrients ; and they are both more significant 
and apt to be more accurate, since they are measured as the difference 
between the amounts of heat produced at established planes of metabol- 
ism, without need for concern as to the beginning, the maximum and 
the end of the dynamic effect as of the single test meal. 

For the information of readers who are accustomed to determining 
dynamic effects of feeds from single portions of the test substances 
fed to animals in a post-absorptive state, and who therefore expect to 
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observe a marked rise and subsequent fall in heat production while 
the animal utilizes the test substance, the authors advise that the dif- 
ference between the heat production of fasting rats and rats receiving 
feed is small, especially as compared with the comparable value for 
ruminants, and that they have a great volume of unpublished data 
showing that when rats are fed twice per day there is no falling off 
in the heat production, as indicated by the elimination of carbon dioxide, 
at the end of 7-hour periods of observation under the conditions of 
the present study. Therefore, when dynamic effects of nutrients are 
determined by the comparison of the heat production of the same 
group of rats established consecutively on two planes of nutrition above 
energy equilibrium, the variations in the heat production during the 
two periods of observation are considered to cancel out by subtraction. 

A conceivable minor imperfection in the determination of dynamic 
effects at planes of nutrition above maintenance, however, is that they 
do not include the amount of energy which would be required to 
eliminate the nutrients retained as part of body tissue. 

The literature relating to the dynamic effects of nutrients has not 
been reviewed in connection with this paper because it has been recently 
reviewed by Wilhelmj (’35), Borsook (’36), Murlin (’39), and Kriss 
(741), and because there has been no previous study of the present 
subject by the general procedure followed. 


EXPERIMENTAL 


The general technic employed, which is derived from Armsby’s 
studies of the energy metabolism of cattle, depending on the com- 
parison of the heat production from established states of nutrition, has 
been used at this institute since 1902—recently in studies of the 
dynamic effects of nutrients for the albino rat (Kriss et al., ’34; Kriss, 
38; Forbes et al., ’*39b), and is here utilized, with special adaptations, 
in the further investigation of this latter subject. 

An advantage of this procedure is that conditions which affect the 
rate at which the diet is metabolized are without effect on the heat 
increment since these conditions prevail both at the beginning and 
the end of the period of observation. 

In recognition of the considerable individual variation in the heat 
production of animals, twelve experimental subjects were used for 
each observation. The experimental program, as shown in table 1, was 
so arranged that periods compared were immediately contiguous. The 
subjects were of exactly the same age and approximately the same 
body weight at the beginning of each unit of the investigation. Each 
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comparison of heat production was made between two sets of obser- 
vations on a single group of rats, but a different group of rats was 
used for each such comparison. Also the subjects were trained for the 
respiration experiments by subjection to the experimental conditions 
in blank runs on at least 2 days prior to the respiration measurements. 


TABLE 1 


Schedule of experimentation. 


DAILY FOOD INTAKE RESPIRATION 
days gm. 
1-12 10 gm. basal diet 170 298 Oct. 12-17 
1-12 10 gm. basal + 4 gm. cerelose 

(corn sugar) 177 308 Oct. 19-24 
13-24 10 gm. basal diet 170 282 Nov. 9-14 
13-24 10 gm. basal + 3.54 gm. beef protein 177 293 Nov. 16-21 
25-36 10 gm. basal diet 170 269 Dee. 7-12 
25-36 10 gm. basal + 1.5 gm. lard 177 277 Dee, 14-19 
37-48 10 gm. basal diet 170 286 Jan, 4-9 
37-48 10 gm. basal + 2 gm. cerelose 

+ 1.848 gm. beef protein 177 300 Jan. 11-16 
49-60 10 gm. basal diet 170 297 Feb. 1-6 
49-60 10 gm. basal + 2 gm. cerelose 

+ 0.737 gm. lard 177 303 Feb. 8-13 
61-72 10 gm. basal diet 170 301 Mar. 1-6 
61-72 10 gm. basal + 1.848 gm. beef 

protein + 0.737 gm. lard 177 306 Mar, 8-13 
73-84 10 gm. basal diet 170 286 Mar, 29-Apr. 3 
73-84 10 gm. basal + 1.333 gm. cerelose 

+ 1.232 gm. beef protein 

+ 0.491 gm. lard 177 297 Apr. 5-10 


The subjects were sexually mature and had passed the period of most 
rapid growth, but under favorable conditions were still able to retain 
significant proportions of their nitrogen intake, as shown in table 2. 

In each unit of the investigation each of the twelve subjects was 
used first for individual determination of the metabolizable energy 
and the heat production from 10 gm. of the basal diet, followed by the 
same determinations with reference to this basal diet plus one of the 
test supplements in a quantity computed to yield, in each case, approxi- 
mately the same amount of metabolizable energy. The dynamic effects 
of the supplements, therefore, were computed by difference between 
the quantities of heat produced from the basal and the supplemented 
diets. 

The consecutive time intervals occupied by these measurements were 
as follows: (a) Basal diet —introductory period, 10 days; excreta 
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collection for determination of metabolizable energy, 8 days; respira- 
tion experiment, 2 days; (b) Supplemented diet — introductory period, 
5 days; respiration experiment, 2 days; excreta collection for determina- 
tion of metabolizable energy, 8 days. The special purpose of this 


arrangement was to provide that the measurements of the heat pro- , 


duction on the supplemented diet should follow the measurements on 
the basal diet with the shortest practicable intervening interval of time. 

The heat production was determined by the respiratory quotient 
procedure. Protein metabolism was computed from the urinary nitro- 


TABLE 2 
Utilization of daily nitrogen, 


mg. % %o % 
1-12 Basal diet 365 69.0 61.7 7.3 
1-12 Basal + cerelose 365 71.1 50.5 20.6 
13-24 Basal diet 365 68.4 54.3 14.1 
13-24 Basal + beef protein 864 82.8 63.7 19.1 
25-36 Basal diet 365 68.0 69.9 — 19 
25-36 Basal + lard 354 70.2 42.8 27.4 
37-48 Basal diet 365 66.8 56.9 9.9 
37-48 Basal + cerelose + beef protein 632 79.7 54.9 24.8 
49-60 Basal diet 365 68.3 64.7 3.6 
49-60 Basal + cerelose + lard 362 68.8 50.9 17.9 
61-72 Basal diet 365 70.0 60.8 9.2 
61-72 Basal + beef protein + lard 622 80.3 61.2 19.1 
73-84 Basal diet 365 70.4 51.6 18.8 
73-84 Basal + cerelose + beef protein 
+ lard 543 78.4 59.3 19.1 


gen. Carbon dioxide production was determined by absorption, and 
oxygen utilization determined by the method of Haldane as the com- 
bined weights of carbon dioxide and moisture given off minus the loss 
in weight of the animal. 

The factors employed in this computation (Loewy and Oppenheimer, 
11) were the following: 

Urinary N (mg.) X .00476= liters CO, from protein. 

Urinary N (mg.) xX .00594= liters O, used by protein. 

Urinary N (mg.) X 26.51 = calories from protein. 

Caloric values per liter O., at respiratory quotients as determined, 
are given in Lusk’s modification (Lusk, ’24) of the table of Zuntz and 
Schumburg (’01). In those cases in which the non-protein respiratory 
quotient exceeded unity the caloric value of the excess CO, was reckoned 
as 1.09 Cal. per liter, as determined by Bleibtreu (’01). 
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The rats were fed twice a day, and heat production was measured 
on 2 consecutive days during 7-hour periods beginning at 8:30 a.m., 
about 14 hours after the morning feeding. 

The weight of the carbon dioxide absorbed, and the degree of physical 
activity of the experimental subject as indicated by a work adder, 
were recorded each hour, and the values used for heat production were 
selected as those representing intervals of time during which the 
physical activity and the heat production were at their lowest levels. 
The weight of carbon dioxide eliminated during the entire 7-hour period 
was used in computing the respiratory quotient, but only the amount 
eliminated during the selected intervals of quiet were used in comput- 
ing the heat production. It was assumed that the total respiratory 
quotient was unaffected by the slight activity of the animal during the 
7-hour respiration period. The definite significance of the results ob- 
tained, therefore, was limited to the selected intervals of quiet, without 
evidence or claim that they exactly represented the entire day of 24 
hours. It is also conceded that there was probably a difference between 
the amounts of heat produced by the subjects while asleep and while 
awake but motionless. The respiration experiments were conducted 
with the apparatus at a temperature of 28°C, + .1°C., the temperature 
inside the respiration chamber being about 29°C. 

The dates of the respiration measurements, as given in table 1, cover 
the intervals of 6 days during which each of the twelve rats on a dietary 
treatment was subjected to respiration measurements on 2 consecutive 
days, tests being made on four rats each day. 

The basal diet was a complete commercial feed manufactured for 
dogs; the protein supplement was dried and extracted beef muscle; 
the carbohydrate supplement was a corn sugar product, called cerelose ; 
and the fat used was commercial lard. 

The differences in the body weights of the rats at ages 170 and 177 
days represented in part, each, gain in body substance and in alimentary 
fill. Since these gains in weight were small, and since the extent, in 
each case, to which they represented body gain and increase in ali- 
mentary fill was not in evidence, no effort was made to correct the heat 
production to correspond to the same body weight in the basal and 
the supplemented periods. 


RESULTS — DISCUSSION 


Referring to table 2, the nitrogen intake in the diets was essentially 
the same, as also was the apparent digestibility of the nitrogen, in all 
diets except those containing beef muscle protein. In these cases the 
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apparent digestibility of the nitrogen of the diets was materially in- 
creased by the added amounts of highly digestible protein. This sup- 
plementary beef protein presumably added little either to the un- 
digested nitrogen, or to the metabolic nitrogen, of the feces. 

As compared with the nutritive status of the rats on the basal diet — 
with any greater amount of either nitrogenous or non-nitrogenous 
nutriment there was an increase in the percentage of the food nitrogen 
digested and in the percentage retained. Also the quantity of nitrogen 
in the urine was increased by all increases in dietary protein, and de- 
creased by all increases in non-protein nutrients. 

Among the diets in which the supplements contained protein, the 
apparent digestibility of the nitrogen varied in the order of the varia- 
tion in their protein contents, in part at least as results of the decrease 
in the proportion of the protein eliminated as metabolic products in 
the feces. 

The partition of the energy of the diets is represented by table 3. 

The digestibility of all the dietary components was so high that there 
could be little difference in the digestibility of the energy of the entire 
diets, the extreme difference in the average daily fecal energy in the 
fourteen experimental periods being between 7,206 cal. and 8,529 cal. 
In six among the seven dietary comparisons the amount of the fecal 
energy from the supplemented diet was slightly greater than that from 
the basal diet of the preceding experimental period. 

The outgo of energy in the urine was slightly but definitely higher 
from the diets containing the non-protein supplements, and much higher 
from the diets in which the supplements contained protein, than from 
the preceding basal diets. 

In computing the metabolizable energy values of the diets a cor- 
rection was made, as usual, for the non-metabolizable energy of the 
protein gained. This correction has been made in the caloric values 
of the urine as given in table 3. 

The average metabolizable energy values of the diets were phe- 
nomenally consistent, the coefficients of variation of the twelve indi- 
vidual determinations. on the seven basal diets being between 1.0% 
and 2.6% and, of the seven supplemented diets, between 0.8% and 1.4%. 

By inspection of the seven average metabolizable energy values for 
the same basal diet, it will be observed that the extreme range of 
variation was between 30,149 cal. and 30,659 cal. in 40,090 cal. of gross 
energy; and a statistical study of the differences in the seven average 
determinations of the metabolizable energy value of the basal diet 
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revealed that among twenty-one possible comparisons only one ap- 
peared to be significant (odds 37 to 1). 

The coefficients of variability among the measurements of the heat 
production were much less satisfactory. For the seven basal diets 
they varied between 3.8% and 9.5%, and for the seven supplemented 
diets between 3.4% and 10.4%. 

These variations presumably resulted from differences in animal 
individuality; in effects of environmental conditions such as heat, 
light, air pressure and noise; and in the status of the subjects as to 
whether awake or asleep. The only way to avoid embarrassing varia- 
bility among individual measurements of the heat production in ex- 
periments with animals seems to be to work with single subjects on 
each experimental treatment — as many experimenters have done. Heat 
production by animals is a highly individual and labile function. 

The values for energy balance in the fourteen experimental periods 
should be understood as resultants of 8-day measurements of food, 
urine and fecal energy computed to a 24-hour basis, and measurements 
of the heat production during relatively small parts of 2 experimental 
days raised to the 24-hour basis. 

The derivation of the heat increments from cerelose, beef protein 
and lard, singly and variously combined, as determined in each case 
by difference between the heat production for a basal period and for 
the immediately following supplemented period, is indicated by the 
data in table 4, and graphically in figure 1. 

In this figure the numerical values above the seven graphs represent 
approximately equally metabolizable, daily, gross energy intake of 
small calories in supplements fed in addition to the basal diet. The 
plus and minus values for protein, carbohydrate, and fat represent 
calories of increased or decreased heat production from these nutrients 
as results of the consumption of the nutritive supplements, the base 
of comparison in each case (represented by the horizontal line across 
the graph) being the amount of heat produced from the protein, carbo- 
hydrate or fat of the basal diet. 

For the purpose of this presentation the energy of fat synthesis is 
considered to be derived from the katabolism of carbohydrate. 

The feeding of beef protein, cerelose and lard, individually, as supple- 
ments to a complete basal diet, had the effect in each case to increase 
the production of heat from the kind of nutriment represented by the 
supplement, these dynamic effects diminishing in the order in which 
the nutrients are mentioned. Cerelose spared twice as much heat pro- 
duction from fat as from protein; beef protein spared about the same 
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amounts of heat production from carbohydrate and fat; lard was 
highly effective in sparing heat production from protein, leaving the 
amount of heat produced from carbohydrate essentially unchanged. 
The mixed supplements of cerelose and beef protein, and of cerelose, 
beef protein and lard, increased the production of heat from both 
protein and carbohydrate; the supplement of cerelose and lard in- 
creased the heat production from carbohydrate alone, and the supple- 
ment of beef protein and lard increased the production of heat from 
protein alone. All four mixed supplements, whether they contained 


CERELOSE 13712 BEEF PROTEIN LARD CERELOSE 6732 
16913 ; 16019 BEEF PROTEIN 8845 
15577 
+6138 +9340 +142 | +4672 +3674 | +3493 
CARB. PROT. AR FAT PROT.| CARB. 
L-1090 | -2272 - 1963 | - 1906 -2748 -3463 
PROT FAT CARB. FAT PROT. FAT 
CERELOSE 6784 BEEF PROTEIN 9166 CERELOSE 4627 
LARD 6913 LARD 7109 BEEF PROTEIN 608! 
13697 16275 47i7 
15425 
+5728 +4198 +3545 
CARB. PROT. PROT.| 41005 
| -1379 63? -1902 CARB.|-1755 
PROT. FAT FAT 
CARB. 


Fig. 1 The source of the dynamic effects of nutrients as affected by nutrient combination. 
This graph is explained in the text. 


lard or not, decreased the production of heat from fat, thus emphasiz- 
ing the energy reserve function of fat. The high dynamic effect of beef 
protein fed as a single supplement to a basal diet is not characteristic 
of beef protein fed as a component of a mixed supplement with cerelose 
or lard, or with cerelose and lard. 

The energy values of the supplementary nutrients, individually and 
variously combined, are given in table 5. The metabolizable energy 
value of beef protein was found to be characteristically low, in spite 
of its high digestibility, because of the elimination of incompletely 
oxidized nitrogen compounds in the urine. Among the mixed supple- 
ments the metabolizable energy values of the three which contained 
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protein were slightly higher as directly determined than as computed 
from the individual values for the components. The heat increments, 
or dynamic effects, of the nutritive supplements, as per cent of the 
gross energy, differed from the heat increments as per cent of the 
metabolizable energy mainly as influenced by the relatively low 
metabolizable energy value of the beef protein — the cerelose and the 
lard being almost completely metabolizable. The heat increment values 
of the mixed supplements, related either to the gross energy or the 


BEEF PROTEIN 
1000 


GCERELOSE 
1000 LARD 
1000 
323 202 160 
CERELOSE 432 CERELOSE 495 
BEEF PROTEIN 568 LARD 505 


EXPER.238 |COMR 272 
[exper.iie COMP 183 


BEEF PROTEIN 563 CERELOSE 300 
LARD 437 BEEF PROTEIN 394 
LARD 306 


COMP 244 EXPER./81 |COMR 23! 


Fig. 2 The dynamic effects per thousand calories of gross energy of nutrients as affected 
by nutrient combination. This graph is explained in the text. 


metabolizable energy, were in all cases materially lower as experi- 
mentally determined than as computed from the values for the indi- 
vidual components of these supplements, thus showing that nutrient 
combination favors efficiency in the utilization of metabolizable energy. 

The heat increments, or dynamic effects, per 1000 cal. of gross energy 
of the individual nutritive supplements, and similar values for the 
four mixed supplements as directly determined and as computed from 
the values for their individual components, are graphically presented 
in figure 2. 

The values above the rectangles represent in each case 1000 cal. of 
gross energy intake of supplementary nutrients, and the values inside 
the rectangles represent the dynamic effects of these nutritive supple- 
ments. 
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The values for dynamic effects of mixed supplements expressed as 
‘*Wxper....’’ were as experimentally determined, while those expressed 
as ‘‘Comp....’’ were computed from the separately determined dynamic 
effects of beef protein, cerelose and lard; the amounts by which the 
experimentally determined values were lower than the computed values 
expressing the extent to which nutrient combination effected economy 
of utilization. 

In the separate determinations of the dynamic effects of supple- 
mentary beef protein, cerelose and lard it was observed that the dynamic 
effect of the protein was 32%, of the carbohydrate 20%, and of the fat 
16%, of their respective gross energy or fuel values ; and such individual 
values are generally but erroneously considered to apply to normal 
diets in which these nutrients occur variously combined. Upon such 
individual values, commonly determined at planes of nutrition below 
energy equilibrium, depends the prevalent misconception that the 
dynamic effects of diets differ in accord with their protein contents. 

The most efficient utilization of 1,000 cal. of food energy of the mixed 
supplements characterized the mixture of beef protein and lard. The 
dynamic effect of this combination was lower even than that of the 
supplement of lard alone (113 cal. compared with 160 cal. per 1000). 
The least efficient utilization of 1000 cal. of food energy of the mixed 
supplements characterized the one of cerelose and beef protein (238 cal. 
per 1,000). The dynamic effects of the combinations of cerelose and 
lard, and of cerelose, beef protein and lard; were intermediate be- 
tween the extremes noted. 

The well-known effect of fat to delay digestion does not account for 
the low heat increments of diets containing fat because these increments 
were determined not from single feedings of the test nutrient but by 
difference between observations on the heat production from established 
states of nutrition. 

In offering numerical expressions of the associative effects of nutrient 
combination on the economy of utilization of food energy one can say 
that the experimentally determined dynamic effect of carbohydrate 
and protein was 12.5% less than as computed from the dynamic effects 
of the individual nutrients; and similarly, the dynamic effect of carbo- 
hydrate and fat was 35% less, of protein and fat 54% less, and of carbo- 
hydrate, protein and fat 22% less, than as computed from the dynamic 
effects of the individual nutrients. 

Referring again to table 5, the net energy values of the mixed sup- 
plements, as per cent of their metabolizable energy, are shown to be 
materially higher, especially for those containing protein, as experi- 
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mentally determined than as computed from the individually de- 
termined net energy values for the protein, carbohydrate and fat — 
thus expressing the final effects of nutritive combination on energy 
value. 

The dynamic effects of diets, therefore, are not the additive effects 
of their components, and are not in accord with their protein contents ; 
and inasmuch as there is no scientific means of apportioning energy 
effects or values among dietary constituents, the dynamic effects of 
individual foods or nutrients are without significance as constants. 

While there is a question as to the applicability of results obtained 
with one species of animal to the nutrition of another species, the results ] 
of this study suggest, at face value, that it is not necessary to diminish 


the protein content of the hot-weather human diet in order to have - 
a low heat increment, since this purpose can be accomplished by the f 
equicaloric substitution of fat for carbohydrate. h 
It thus appears that there is physiological economy in the high fat 
content of the diet of working people of some tropical countries — P 
notably Brazil. * 
That the protein contents of diets do not dominate the heat incre- a 
ment is shown by five series of experiments conducted at this laboratory of 
(Forbes et al., 35, ’38, ’39a, 40), with mature as well as with growing 
rats as subjects, in which the heat production of animals receiving ™ 
equicalorie diets differing in protein content decreased slightly in the - 
order of the increase in protein. ex 
Also the results of this study imply that manufacturing processes x 
which decrease the fat content of by-product feeds serve to lower the th , 
net energy value of the products not only through diminishing their ne 
gross energy but also by increasing the energy expense of their om 
utilization. 
am 
SUMMARY nut 


A study was made, with mature albino rats as subjects, of the dynamic 
effects of beef protein, cerelose (corn sugar) and lard, individually and Burn 
variously combined, at planes of nutrition above maintenance; the 
1 dynamic effects being measured by difference between the heat produc- 
tion of the subjects as established on a complete basal diet and on the S 
same plus the nutritive supplements. 

The supplementary feeding of protein, of carbohydrate or of fat 
increased the production of heat from the kind of nutriment fed. Cere- 
lose spared protein and fat; beef protein spared carbohydrate and fat; = 
while lard spared only protein. 
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Of the mixed supplements, cerelose and beef protein increased heat 
production from carbohydrate and protein, and spared fat; cerelose 
and lard increased heat production from carbohydrate, and spared 
protein and fat; beef protein and lard increased heat production from 
protein, and spared carbohydrate and fat; while cerelose, beef protein 
and lard increased heat production from protein and carbohydrate, 
and spared fat. All mixed supplements, regardless of composition, 
spared fat. 

Fed as supplements to a complete diet sufficient for maintenance, the 
dynamic effect of beef protein was 32%, of cerelose 20%, and of lard 
16% of its gross energy. 

The dynamic effects of mixed supplements of protein and fat, and 
of carbohydrate and fat, were lower even than the dynamic effect of 
fat. In this sense fat is much more potent than are protein and carbo- 
hydrate in determining the dynamic effects of diets. 

Among four supplemental combinations of protein, carbohydrate 
and fat, computed to 1000 cal. of gross energy, the one with the lowest 
dynamic effect was that of protein and fat, followed closely by the com- 
bination of carbohydrate and fat; then by the combination of protein, 
carbohydrate and fat; while the combination with the highest dynamic 
effect was that of carbohydrate and protein. 

The observed dynamic effect of carbohydrate and protein was 12.5% 
less, of carbohydrate and fat 35% less, of protein and fat 54% less, 
and of carbohydrate, protein and fat 22% less, than as computed from 
experimentally determined values for the individual nutrients. 

The dynamic effects of diets are not the additive dynamic effects of 
their components; the prevalent idea that the dynamic effects of diets 
vary in the order of their protein contents is incorrect; and inasmuch 
as there is no scientific means of apportioning energy effects or values 
among dietary constituents, the dynamic effects of individual foods or 
nutrients are without significance as constants. 
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THE BIOASSAY OF VITAMIN E? 


GLADYS A. EMERSON AND HERBERT M. EVANS 
Institute of Experimental Biology, University of California, Berkeley 


ONE FIGURE 


(Received for publication August 7, 1943) 


In an attempt to standardize the technique employed in the bioassay 
of vitamin E and thereby increase the accuracy of the test, a number 
of refinements have been made in the original method. Bacharach and 
co-workers (’37, ’38) recommended the use of virgin animals. They 
found that rats in which sterility had been established showed more 
failures in implantation in the next pregnancy than did virgin animals. 
Bacharach (’38) also observed that a larger dose of vitamin E was 
required to insure fertility after a resorption gestation than with virgin 
rats. 

Mason and Bryan (’38, 40) overcame initial storage by the feeding 
of a vitamin E low diet to the breeders during the latter half of the 
lactation period. The suckling young were thus limited in their vitamin 
E storage to that conferred through placental and mammary transfer. 
The weanlings were maintained on the vitamin E low diet; such pre- 
pared females invariably resorbed during their first gestation, thus 
eliminating the necessity of a trial pregnancy. 

Mason (’39) studied the relation between the time of dosage-and 
the response evoked. The best results were obtained if the test prepara- 
tion was given on the eighth day of the gestation; however, if the test 
material was administered in several doses from the fourth to the 
eighth day inclusive of the pregnancy, the sensitivity of the test was 
further increased. Mason (’42) later reported that the state of the 
uterus on the sixteenth day of pregnancy was the best index of vitamin 
E activity. The presence of two or more viable fetuses in the uterus on 
the sixteenth day of pregnancy was considered a positive response. 

+ Aided by grants from the Board of Research and from the Department of Agriculture of 
the University of California, and the Rockefeller Foundation, New York City. The following 
materials were generously contributed: natural alpha-tocopherol by Merck and Company, Inc., 
Rahway, New Jersey; alpha-tocopheryl acetate by the League of Nations-Committee on Vita- 


min Standardization; yeast by the Vitamin Food Company, New York; and calciferol by the 
Withrop Chemical Company, Rensselaer, New York. 
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This shortened assay period not only effected a saving of time and 
materials but contributed appreciably to the accuracy of the test. This 
technique, however, is subject to criticism in that resorption of the 
fetuses may be initiated late in the gestation. 

Palmer (’37) evaluated vitamin E activity by reference to the per- 
centage of total implantations resulting in living or in dead young. 
A live litter efficiency of 10% or more was considered a positive re- 
sponse. 

Gottlieb, Quackenbush and Steenbock (’43) found that within certain 
limits females maintained on a low fat vitamin E free diet increased 
in weight during pregnancy in direct proportion to the quantity of 
vitamin E administered. For an equal response, the requirement for 
vitamin E on the low fat diet was less than half of that on the high 
fat ration. Homrich (’43) has recently reported that the use of a fat- 
free basal diet during the dosing period resulted in higher live litters 
and live implantation efficiencies than were observed with the standard 
lard, cod liver oil containing ration. 

The studies herein reported were undertaken in an effort to increase 
the sensitivity of the vitamin E assay. 


METHOD AND RESULTS 


Virgin and resorption gestation rats were employed. The test ma- 
terials were administered in single or multiple doses. Two types of 
diets were fed, one in which the vitamin E was destroyed by the in- 
cipient rancidity of the lard in the ration, and the other in which the 
vitamin E was removed by rigorous extraction of potential vitamin E 
containing ingredients in the diet with fat solvents. The diets used 
are given in table 1. 

Littermate sisters were segregated at weaning so that each of the 
dietary groups was represented by one littermate. The rats on such 
dietary regimens were employed for three studies as follows: growth 
(the rats in this study were not bred), resorption gestation (the 
animals in this group were bred for a trial gestation and were used 
for curative assay in a subsequent pregnancy), virgin (the animals in 
this category were employed for cures after sterility had been estab- 
lished in the resorption gestation group). 


Growth 


The early growth rate of rats maintained on diet 427 was somewhat 
superior to that obtained with the other diets (fig. 1). This perhaps 
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TABLE 1 
Diets deficient in vitamin E. 


Diet 427 is made deficient by incipient rancidity of the lard. In the diets 821 A-D the 
vitamin E is removed by extraction with fat solvents. 


DIET 
DIETARY COMPONENT 
427 821 A-D 
gm./100 gm. gm./100 gm. 

Casein 

( Tech.) 27 Pr 

(Aleohol ether extracted) 24 
Cooked ground corn starch 35 is 
Sucrose 72 
Salts (McCollum 185) 4 4 
Brewers’ yeast 10 
Lard 22 
Cod liver oil 2 oe 

Supplements fed daily to groups receiving diets 821 A-D. 
821A 821B 8210 821D 

Carotene (S.M.A.) 80 ug. 80 ug. 80 ug. "es 
Cod liver oil oe oe oe 40 mg. 
Caleiferel 12 IU 12 IU 12 IU 
Ethyl linoleate 60 mg. oe 
Peanut oil* es 250 mg. 250 mg. 250 mg. 
Brewers’ yeast ks wh 1 gm. 1 gm. 
Ether extracted brewers’ yeast 1 gm. 1 gm. os 


+250 mg. of the oil was equivalent in its linoleic acid content to 60 mg. of ethyl linoleate. 
The peanut oil employed in these studies failed to invoke fertility in rats of proved sterility, 
when fed to eight rats at a level of 8 gm. (2 gm. on alternate days during the first 7 days 
of the gestation). 


280 
250L 
2 
3 
220} 
T 
uJ 
= 
= Diet 427 
2-Diet 82! plus Supplements A and 
100 Diet 82! plug Supplements C andD 
70 
40C 1 1 1 1 1 
t 20 50 80 10 140 170 200 230 260 290 320 350 380 
AGE IN DAYS 


Fig. 1 Growth of female rats on the various types of E-low diets. 
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can be explained either by the potential growth stimulation of the fat 
in the ration or by the fact that the yeast and cod liver oil were in- 
corporated in the diet while supplements were offered to the animals in 
the remaining groups. The rats did not consume the vitamins in their 
entirety for a period of a fortnight or longer. Slightly better growth 
was observed with rats receiving the unextracted than the extracted 
yeast. 
First litter fertility 


Eight to ten rats in the several dietary groups were bred for their 
trial gestation at the first pro-oestrus after 60 days. These rats were 
mated in late summer, a time of year in which first litter fertility was 
known to occur. As can be seen from table 2, the highest incidence of 
first litter fertility was observed with the rats receiving the lard, cod 
liver oil containing ration (diet 427). These rats resorbed in a subse- 


quent gestation. 
TABLE 2 


Incidence of first litter fertility in rats reared on vitamin E-low diets. 


| AVERAGE NUMBER | AVERAGE 
427 | 10 2 gt 7.8? 6.1 
821A | 9 8 1 | 1.0 (dead) | 5.0 
s21B 10 s 2 3.5 | 50 
sic 8 7 1 | 8.0 | 58 
821D 9 7 2 4.0 | 46 


*Two were questionable; loss of weight indicated that small litters were cast. 
* Average of 6. 


Curative assays with single doses 


A single dose of a 3 mg. of alpha-tocopherol was administered on - 
the first day of the gestation. Resorptions (table 3) resulted only with 
those rats receiving the cod liver oil or lard and cod liver oil in their 
rations (see diets 427 and 821D). The response to the single dose of 
the tocopherol was essentially the same for the virgin and for the - 
resorption gestation groups. It is of interest to note that in late life, 
muscular dystrophy was observed only in rats receiving diet 427 despite 
the fact that the first litter fertility of early adulthood indicated a 


greater storage of vitamin E than in the other dietary groups. 8 
As judged by litter quality,? the young cast by mothers receiving 
diets without cod liver oil were slightly superior to those of the r 


*The number of young per litter, their average weight in grams, the percentage of dead 
young in the litter, and the appearance of the live young. b 
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mothers maintained on the cod liver oil containing rations; therefore, 
the use of carotene and calciferol is indicated. 

Virgin rats and rats of proved sterility served equally well as test 
animals. In our opinion, the latter are preferable as the need for con- 


trols is obviated. 
TABLE 3 


The vitamin E activity of a single dose of 3 mg. of alpha-tocopherol administered to 
virgin and resorption gestation rats maintained on vitamin E-low diets. 


or | NO. OF | % | | uve. 
NO. NO. s VG. Wr. LITTERS 
“anor | marian: | | | | YOUNG | yous. | OF 
YOUNG LITTER 
427 
Virgin | 10 10 1 | 90 6 5.6 4.6 3 
Resorption | 7 7 1 | a 68 | 43 1 
Total 17 17 2 88 11 6.1 4.5 4 
821A 
Virgin | 10 10 | 0 | 100 10 | (66 5.2 0 
Resorption 8 8 0 | 100 | 8 7.1 5.4 0 
Total § 18 18 | 0 100 | 18 | 68 | 53 0 
s1B | | | 
Virgin | 10 | 10 0 | 10 | 9 7.7 5.5 1 
Resorption 9 9 | 0 100 9 Sf 5.7 0 
Total 19 19 | o | 10 | 18 7.7 56 | 1 
8210 | | | 
Virgin | 10 | 10 | O | 100 | 10 | 67 55 | 0 
Total 17 17 | o | 100 7..\ @ 58 | 0 
Virgin | 10 9 1 | so | 8 |} 66 | | 
Resorption | 8 1 8s | | 5.5 0 
Total | 18 | 17 | 5.6 0 


Curative assays — divided and single doses — diet 427 


A comparison was made of the response to multiple dosing with 
several levels of alpha-tocopheryl acetate of virgin and resorption 
gestation rats maintained on the standard diet 427. Positive controls 
received 3 mg. of tocopherol as a single dose or in divided dosage. 

The alpha-tocophery] acetate fed in these experiments was supplied 
by the League of Nations Committee on Vitamin Standardization. The 
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The vitamin E activity of several levels of alpha-tocopheryl acetate 
resorption gestation rats maintained on diet 427. 


AND HERBERT M. 
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with virgin and 


NO. 0 
Divided dose 
0.8 mg. 
alpha-toco. Ac. 
Virgin 20 
Resorption 13 
Total 33 
‘12mg. 
alpha-toco. Ac. 
Virgin 19 
Resorption 12 
Total | 31 
1.8 mg. 
alpha-toco. Ac. 
Virgin 20 
Resorption 13 
Total 33 
2.7 mg. 
alpha-toco. Ac, 
Virgin 20 
Resorption 13 
Total 33 
3.0 mg. 
alpha-toco. 
Virgin 10 
Resorption 11 
Total 21 
Single dose 
3.0 mg. 
alpha-toco. 
Virgin 10 
Resorption 15 
Total 25 


LITTERS 
AV. WT. 
OF DEAD 
IN GMS. YOUNG 
| 4.0 | 2 
| 88 | 
| sy | 8 
4.3 
4.1 
| 4.2 
| 4.9 1 
4.5 3 
| 4.8 4 
5.2 
5.0 5 
5.2 5 
5.7 
5.8 
5.8 
5.7 2 
5.8 2 


* Late. 


EMERSON 
TABLE 4 
| % oF NO. OF AV. NO. 
NO. OF NO.OF LITTERS OF LvVG. 
IMPLAN- | RESORP- TATIONS — 
TATIONS TIONS LV@G. 
LITTERING YOUNG LITTER 
20 17 15 1 8.0 
12 10 17 2 3.3 
: 32 27 16 3 4.8 
19 9 53 10 4.0 
12 5 59 7 4.6 
; 31 14 55 17 4.3 
20 90 17 7.4 | 
13 . 92 9 6.1 | 
33 91 26 7.0 
20 100 20 8.6 
13 92 8.3 
33 97 27 8.5 
fi 
9 100 9 8.7 ‘o 
11 100 11 7.9 
20 100 20 8.3 fe 
ca 
vi 
10 ° 80 8 8.9 
14 1 93 11 7.0 (4 
24 3 88 19 7.8 
ad 
| the 
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test solutions were diluted with olive oil so that the totai dose for one 
rat was contained in 0.5 ml. The single dose contained in 0.5 ml. of 
olive oil was fed on the first day of the gestation (as detected by the 
presence of sperm in the vaginal canal), the divided dose as 0.1 ml. 
on each of the first 5 days of the gestation. Negative controls received 
only the solvent; positive controls 3 mg. of natural alpha-tocopherol. 
The animals destined to receive each sample were selected over a 
1- or 2-day period; thus each dilution was used for 5 or 6 days. The 
solutions were kept at 2°C. and saturated with CO, when not in use. 

Early resorption gestations occurred in the negative control group 
indicating that rats maintained on diet 427 from day 21 and starting 
a gestation at 110 days were sterile although first litter fertility may 
ensue if the gestation is initiated at 60 days. 

Significant differences in the percentages littering in the'virgin as 
compared with the resorption gestation animals were not observed, 
but the litter quality was somewhat superior in the virgin group. The 
results for the virgin and the resorption gestation groups are tabulated 
both separately and combined (table 4). 

The minimal effective dose to insure fertility appeared to lie between 
1.8 and 2.7 mg. of alpha-tocopheryl acetate. The divided dose had a 
slight advantage over the single dose. 


DISCUSSION 


The low fat cod liver oil free rations were superior to the standard 
high fat diet. The incidence of first litter fertility was materially de- 
creased by the feeding of the low fat ration; the administration of a 
single dose of 3 mg. of alpha-tocopherol produced a somewhat higher 
litter response with rats receiving the extracted diet than with the high 
fat rations. The superiority of the low fat type of diet is in agreement 
with the findings of Gottlieb et al. (’43) and Homrich (’43). 

The virgin rat afforded little advantage over the animal of proved 
fertility. The failures in implantation reported by Bacharach and 
co-workers (’37, ’38) were encountered only occasionally in either the 
virgin or the resorption gestation groups. 

The response of a group of animals maintained on the standard diet 
(427) to a single dose of-alpha-tocopheryl acetate indicated that the 
most sensitive response was obtained when the test material was 
administered over a period of several days. Litter quality paralleled 
the percentage littering. 
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SUMMARY 

A comparison was made of the standard lard cod liver oil containing 
diet with rations composed of vitamin E free ingredients. 

During the period of early growth the rats receiving the high fat 
ration grew at a more rapid rate than did their sisters maintained on 
the low fat diets, but after several months significant differences were 
not apparent. The rats receiving a diet supplemented with brewers’ 
yeast attained a slightly higher weight plateau than did the rats re- 
ceiving extracted brewers’ yeast. 

The highest incidence of first litter fertility was observed with rats 
maintained on the high fat diet; nevertheless, the rats maintained on 
this ration were less sensitive as test animals for vitamin E assays 
than were rats raised on the extracted diets. Unextracted yeast can be 
employed to advantage in vitamin E low rations. Peanut oil may re- 
place ethyl linoleate as a vitamin E free source of the essential fatty 


acids. 

Multiple, as contrasted with single dosage of alpha-tocopherol, ap- 
peared to result in a higher percentage of litters. 

Virgin and resorption gestation rats served equally well as test 
animals. First litter fertility was encountered if the trial gestations 
were initiated at 60 days, but not at 110 days. 

The minimal effective level of alpha-tocopheryl acetate to insure 
fertility in rats maintained on the high fat standard ration is between 
1.8 and 2.7 mg. 
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CONGENITAL MALFORMATIONS INDUCED IN RATS 
MATERNAL NUTRITIONAL DEFICIENCY 


VI. THE PREVENTIVE FACTOR ! 


JOSEF WARKANY AND ELIZABETH SCHRAFFENBERGER 


The Children’s Hospital Research Foundation, Department of Pediatrics, 
College of Medicine, University of Cincinnati, Ohio 


(Received for publication February 1, 1944) 


Congenital malformations have been described in the offspring of 
female rats reared and bred on a diet of the following percentage com- 
position: yellow corn meal 76, wheat gluten 20, calcium carbonate 
(C.P.) 3 and sodium chloride (C.P.) 1. This diet supplemented every 
tenth day by 60 I.U. of vitamin D as viosterol was called diet I. The 
deformed offspring showed shortening of the tibia, mandible, fibula, 
radius and ulna, fusion of ribs, fingers, and toes, and cleft palate. While 
there were quantitative differences of the malformations in different 
specimens, they all conformed to a definite pattern, the ‘‘pattern of 
diet I’’ (Warkany and Nelson, °40, ’41 and Warkany, Nelson and 
Schraffenberger, ’43a, ’43b). Identical malformations were obtained 
in the offspring of rats of the Sprague-Dawley strain (albino), Long- 
Evans strain (hooded) and a strain of albino and hooded rats obtained 
from the Pediatric Department of Johns Hopkins University. It be- 
came obvious that a nutritional phenomenon was being dealt with since 
females of the same strains did not produce offspring of the pattern 
of diet I when they were bred while receiving an adequate stock diet. 
It was also found that the addition of 2% pig liver to the maternal 
diet I prevented the appearance of these abnormalities. When females, 
which had produced abnormal offspring while on diet I, were given diet I 
supplemented with liver before they were mated again, they always 
produced anatomically normal young. This led to the conclusion that 
a dietary factor deficient in diet I and present in large amounts in 
pig liver was necessary for the normal prenatal development of the 
rat. The search for this preventive factor will be described in the follow- 
ing pages. An inquiry into a maternal nutritional deficiency which 


This work was aided in part by a grant from the Nutrition Foundation, Inc., New York, 
New York. 
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manifests itself in the offspring differs from other investigations 
concerned with the finding of a vitamin or a vitamin-like factor. The 
stores of the maternal tissues act as ‘‘buffers’’ which prevent depriva- 
tion of the developing embryo as long as possible. In fact, it was 
assumed until recently that these maternal stores either protect the 
offspring completely, thus resulting in the delivery of normal young, 
or that in case of extreme dietary deficiency the embryos die in utero. 
Although there is some truth in this ‘‘all or none’’ theory, it is not 
entirely correct. Between the two there exists a narrow range in 
which maternal nutritional deficiency may result in arrest of the em- 
bryos’ development without causing death. In this case congenitally 
deformed offspring may be the result. 

The breeding of animals fed the deficient diet I gave results which 
conformed to this concept. Certain difficulties became apparent in the 
search for the maternal dietary factor capable of preventing malforma- 
tions in the offspring. The females reared and mated while fed diet I 
either had no issue at all, or they produced normal young, or they 
had — comparatively rarely — deformed offspring. Under the most 
favorable circumstances only one-third of the young were anatomically 
defective. Abnormal offspring were less often the result of first than 
of second and later pregnancies. Thus, in order to demonstrate the 
preventive power of a supplement to diet I, it was necessary to obtain 
a large number of normal young from females that had been bred 
repeatedly. We considered a supplement to be preventive when more 
than 300 young, the results of first, second and third litters were found 
anatomically normal on external inspection and after clearing with the 
Schultze-Dawson method. On the other hand, the appearance of a very 
few abnormal young on a supplemented diet provided strong evidence 
that the supplement was not preventive. 

We reported in previous communications (Warkany and Nelson, 
*42a; Warkany, Nelson and Schraffenberger, ’42) that supplements of 
liver and alcoholic liver extract were preventive, while supplements of 
iodine, manganese, casein, alfalfa leaf meal, and cod liver oil were 
not preventive. Since then we have found that a supplement of 4% 
of liver ash is not preventive. Wheat germ oil (14 drops weekly ad- 
ministered by pipette) as a supplement to diet I did not inhibit the 
appearance of abnormalities. Since liver contains many vitamins of 
the B-complex in large quantities, we proceeded to test several crystal- 
line substances of this group. 

Thirty-eight females were fed diet I supplemented by 5 mg. each of 
riboflavin, thiamine hydrochloride, niacin, calcium pantothenate and 
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pyridoxine hydrochloride per 100 gm. of the diet. From these 38 females 
55 litters consisting of a total of 371 young were obtained. Two hundred 
and thirty-three offspring were the result of first, 101 of second, 19 of 
third and 18 of fourth pregnancies. All 371 young were anatomically 
normal. It appeared, therefore, that the combination of the 5 crystalline 
vitamins mentioned prevented the abnormalities of the pattern of diet I. 
Another group fed-diet I supplemented by thiamine hydrochloride, 
niacin, calcium pantothenate, and pyridoxine hydrochloride in the same 
quantities, produced a number of abnormal offspring (table 1). A 
supplement of pyridoxine hydrochloride plus calcium pantothenate 
failed to prevent the abnormalities. Thiamine hydrochloride alone as 
well as niacin alone were insufficient supplements, while riboflavin alone 


TABLE 1 


The effect of vitamin supplementation of diet I on the appearance of 
congenital malformations. 


OFFSPRING 
MOTHERS FED DIET I SUPPLEMENTED BY: 


Total Normal Abnormal 

Riboflavin +- thiamine + niacin + pyridoxine 

_+ Ca pantothenate 371 371 0 
Thiamine + niacin + pyridoxine | 

+ Ca pantothenate | 51 27 24 
Pyridoxine + Ca pantothenate 67 | 47 20 
Thiamine | 182 27 
Niacin 180 161 19 
Riboflavin 319 319 0 


proved preventive. In the group receiving diet I plus 5 mg. of ribo- 
flavin per 100 gm. of diet, 36 females produced 55 litters consisting of 
319 anatomically normal offspring. Of these young 211 were the result 
of first, 100 of second, and 8 of third pregnancies. These experiments 
seemed to indicate that riboflavin is the preventive factor sought for. 

The crucial experiment remained to be done, namely, the production 
and prevention of the malformations on highly purified diets in which 
most of the nutritional factors were of known chemical constitution and 
in which the vitamin B-complex was represented by crystalline prepa- 
rations only. It has been briefly reported (Warkany and Schraffen- 
berger, 43) that female rats on a purified diet lacking riboflavin 
produced a small number of young with malformations which were 
identical with those of the pattern of diet I. The diet used for this 
purpose had the following percentage composition: sucrose 68, vitamin 
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test casein 18, vegetable oil 10,2? and salt mixture 4.5 One hundred 
grams of this diet were supplemented by 0.8 mg. thiamine hydrochloride, 
0.8 mg. pyridoxine hydrochloride, 1 mg. calcium pantothenate, 10 mg. 
niacinamide * and 100 mg. choline chloride.’ Every tenth day 1 to 2 
drops of a 1:4 dilution with olive oil of ‘‘Drisdol with Vitamin A in 
Oil’’ ® were administered by pipette. 

We have repeated these experiments and improved the yield of 
abnormal offspring by keeping the females on the riboflavin deficient 
diet for about 3 weeks before breeding. The diet described above was 
also somewhat modified in that it was supplemented every tenth day 
by vitamin E (1 drop of a solution of 5 gm. alpha tocopherol in 100 ml. 
of olive oil), vitamin K (1 drop of a solution of 1 mg. of 2-Methyl- 
Naphthoquinone in 5 ml. of olive oil) and vitamins A and D (2 drops 
of a 1:4 solution of ‘‘Drisdol with Vitamin A in Oil’’). This supple- 
mented purified diet without riboflavin will hereafter be called diet Z. 
The females, which were about 3 months old and weighed about 200 gm. 
were put on diet Z for 3 weeks after which, whenever they were in 
estrus, they were bred to males which had been kept on an adequate 
stock diet. Some of the females became pregnant immediately, others 
only after several matings and a third group became sterile before 
they were impregnated. Of 54 females of this group 25 have had 
litters up to the present time. There were 25 first and only one second 
litter. These litters consisted of 137 young of which 104 were ana- 
tomically normal and 33 were abnormal. The abnormalities were en- 
tirely identical with those of the pattern of diet I. 

Thirty-four females were fed diet Z supplemented by 0.8 mg. ribo- 
flavin per 100 gm. of diet. Twenty-seven of these females had litters. 
There were 27 first, 2 second and 1 third litters. These litters consisted 
of 120 anatomically normal young (table 2). 

These experiments with purified diets are in accord with the assump- 
tion that a deficiency of riboflavin in the maternal diet is responsible 
for the abnormalities of the pattern of diet I in a part of the offspring. 

About 4 of the females fed diet Z for several weeks stopped having 
estrus cycles, lost considerable weight and showed signs of ‘‘malnu- 
trition’’. An attempt was made to ‘‘restore’’ these animals by giving 
them small amounts of riboflavin by pipette. It has been our experience 
that rats are unable to reproduce on diet Z when their weight falls 

* The mixture of sucrose, casein and vegetable oil was furnished by S.M.A. Corporation. 

* Salt mixture no. 351 as recommended by Hubbell, Mendel and Wakeman (’37). 


* Merck. 
*SMACO. 


* Winthrop. 
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to 175 gm. or below. To such animals we gave 4 drops of an aqueous 
solution of crystalline riboflavin (12 mg. of riboflavin in 100 ml. of 
distilled water). As a rule this treatment resulted in a gain of weight 
within 24 hours. After 2 or 3 days there was usually no further in- 
crease and there might be loss of weight. Then another 4 drops of the 
riboflavin solution was given. This process of ‘‘titration’’ was con- 
tinued until the animals resumed estrus cycles and regained a weight of 
about 200 gm. Then these restored females were bred. Up to the pres- 
ent time litters have been obtained from 7 of these females. In 4 of 
them the addition of riboflavin was discontinued after they conceived, 
while 3 females received 4 to 16 drops of the riboflavin solution during 
pregnancy. From these restored’ females 7 litters consisting of 52 
young were obtained. Twenty-eight of these young or 53.9%, were 


TABLE 2 
Breeding results on diet Z and on diet Z plus riboflavin. 


OFFSPRING 
MOTHERS FED 


Total | Normal Abnormal 
Diet Z 137 | 104 33 
Diet Z + riboflavin 120 120 0 


abnormal. This, in our experience, is the highest incidence of abnor- 
malities obtained in any group of rats bred on a deficient diet. The 
procedure of depletion and controlled restoration of riboflavin may 
represent the best method of obtaining female rats which possess just 
enough riboflavin for reproduction but not enough for the normal 
development of the young. However, not all depleted animals can be 
restored by riboflavin. After a period of more than 4 months on diet Z, 
attempts at restoration have failed. 


COMMENT 


Various authors have attributed congenital malformations to a 
maternal nutritional deficiency. Zilva, Golding, Drummond and Coward 
(’21) observed that sows fed a diet deficient in vitamin A produced 
pigs in which some limbs were completely missing. Hughes (’34) re- 
ported that a purebred Poland China gilt fed a diet deficient in vita- 
mins A and G produced six pigs, three of which were deformed. Con- 
verse and Meigs (’31) observed congenital blindness in the offspring 
of cows fed overripe timothy hay which had a low vitamin A content. 
Moore and co-workers (’35) found congenital blindness in calves, caused 
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by constriction of the optic nerve. They attributed the disorder to a 
nutritional deficiency of the dams which had received rations with a 
poor quality roughage. Hale (’33) described pigs without eyeballs born 
of a Duroc-Jersey gilt which had received a ration deficient in vitamin A. 
This author deserves credit for demonstrating that the defect was not 
genetically determined. In later publications Hale (’35, ’37) described 
harelip, cleft palate, accessory ears and misplaced kidneys in pigs born 
to sows fed a vitamin A deficient diet. Several reports deal with em- 
bryonic defects in fowl which can be attributed to maternal nutritional 
deficiency. Micromelia and shortness of the antero-posterior axis of 
the skull were found by Byerly and co-workers (’35) in embryos of 
hens fed a deficient diet. Addition of wheat germ, liver and whey to the 
maternal diet prevented the abnormalities. Lyons and Insko (’37) 
observed chondrodystrophy in the chick embryo produced by man- 
ganese deficiency in the diet of the hen. Lepkovsky and co-workers 
(’38) reported that riboflavin deficiency in the breeding hen’s diet pro- 
duced defects such as degeneration of the wolffian bodies and reduced 
size of the embryo associated with death. 

The experiments reported in the present communication add further 
proof to the thesis that maternal dietary deficiency may lead to con- 
genital defects in the offspring. Since the malformations of the pattern 
of diet I could also be induced by a highly purified maternal diet with- 
out riboflavin (diet Z) and prevented by the addition of riboflavin to 
diet I or diet Z, it is concluded that the abnormalities of this pattern 
are caused by a prenatal riboflavin deficiency. This conclusion is in 
agreement with the fact that diet I is poor and liver rich in riboflavin. 
It may seem surprising that a supplement of 2% of alfalfa leaf meal to 
diet I did not prevent the abnormalities, since alfalfa is considered 
a good source of riboflavin. However, the riboflavin content of alfalfa 
plants is reduced to a great extent by maturation and curing (Hunt and 
Bethke, °40) so that a supplement of 2% may be insufficient for a 
pregnant rat. 

We are dealing in these experiments with a borderline deficiency. 
The mothers apparently have sufficient riboflavin for maintenance of 
the estrus cycles and for gestation. The fetuses have sufficient ribo- 
flavin for growth but not for differentiation. It can be postulated that 
abnormal offspring appear when the riboflavin of the blood reaches 
a certain critical level. A reduction of riboflavin below the critical 
level leads to sterility or embryonic death, while an increase beyond 
this level results in the birth of normal young. It is understandable 
that such a borderline deficiency may lead to the production of normal, 
abnormal and even mixed litters. Slight variations of the fetal growth 
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rate, of the implantation sites or of the riboflavin level may decide 
whether the development of the fetus takes a normal or an abnormal 
course. Even under strict dietary control, many difficulties are en- 
countered in attempts to obtain abnormal young. Synthesis of riboflavin 
by intestinal microorganisms and coprophagy may influence the ma- 
ternal riboflavin reserves. Furthermore the mothers often resorb 
abnormal young in utero or eat them after birth, if they are not re- 
moved immediately. 

The abnormalities of the pattern of diet I are most conspicuous in 
the skeleton. The attempt has been made to explain the pathogenesis 
of these malformations on the basis of histologic (Warkany and Nelson, 
*42b) and experimental findings (Warkany, Nelson and Schraffen- 
berger, ’42). It can be assumed that the formation of the membranous 
skeleton, which precedes the cartilaginous as well as the osseous skele- 
ton, is inhibited by the riboflavin deficiency. That a general nutritional 
deficiency affects certain parts of the skeleton while others are spared 
may not seem plausible at first. However, similar differential suscep. 
tibility of developing organisms to toxic agents is well known (Child, 
41). Our experiments show that such a differential susceptibility 
exists also to nutritional deficiency. This differential behavior is not 
obvious in the cephalocaudal direction, since bones of the head as 
well as those of the axial and appendicular skeleton are affected. How- 
ever, in the transverse plane we note a differential sensitiveness, since 
in general the skeletal structures near the mid-dorsal region are normal 
while the more ventro-distally situated ones are more often deformed. 

Gross malformations of soft tissues have been observed occasionally 
in the abnormal young of the pattern of diet I. Encephalocele, ‘‘open 
eye’’ (a severe ocular deformity), gastroschisis, reduction in size of the 
urogenital papilla and spina bifida were seen in rare specimens. We have 
not felt justified in including these rare defects in the pattern of diet I. 
However, thorough studies of the soft tissues have not yet been made. 
Such studies may reveal that the formation of the skeleton is not the 
only developmental process adversely affected by prenatal riboflavin 
deficiency. 

SUMMARY 


1, The congenital malformations of the pattern of diet I are prevented 
when the maternal diet I is supplemented by riboflavin. 

2. Supplements of thiamine hydrochloride, niacin, pyridoxine and 
calcium pantothenate are not preventive. 

3. On a purified maternal diet in which the vitamin B-complex is 
represented by crystalline substances, malformations of the pattern of 
diet I appear in the offspring when riboflavin is omitted. 
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4. On the same diet supplemented by sufficient riboflavin no deformed 


offspring are observed. 
5. It is concluded that a deficiency of the maternal diet in riboflavin 
is responsbile for the congenital malformations of the pattern of diet I. 
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It has been claimed that diets markedly deficient in vitamins of the 
B complex provoke serious physical and psychological deterioration 
in a few days of hard work (Johnson et al., ’42). If true this would be 
of much importance. However, we believe there were serious faults 
in the experiment and observations. The present report covers experi- 
ments in which detailed objective data were obtained under rigidly 
controlled conditions. The dietary limitations and the intensity of 
work were similar to those applied in the work of Johnson et al. (742), 
parallel control subjects were studied, the period of restriction was 
twice as long, and ‘‘before’’ and ‘‘after’’ control periods were included. 


PROGRAM 


The general plan was to make frequent precise observations and 
measurements before, during, and after a period of hard physical work 
involving a daily expenditure of 4,500 to 5,000 Cal. A constant diet was 
used but the intake of B vitamins was varied by daily vitamin capsules 
or placebos so that a period of 14 days of low intake was preceded by 
an intake approximating National Research Council recommendations 
and was followed by 5 days of supplementation at a moderately high 
level. The responses were measured, in terms of physiological, bio- 
chemical and psychological variables, in set conditions and fixed tasks 

* This work was supported in part under the terms of a confidential contract (no. OEMemr-27) 
between the Regents of the University of Minnesota and the Office of Scientific Research and 
Development. Important financial assistance was also provided by the Nutrition Foundation, 
Inc., the U. S. Cane Sugar Refiners’ Association, N. Y., the Corn Industries Research Founda- 
tion, N. Y., Swift and Co., Chicago, and the National Confectioners’ Association, Chicago. 


Merck and Co., Inc., Rahway, N. J., provided a supply of pure vitamins. Food materials were 
supplied by the Subsistence Branch, Office of the Quartermaster General, U. 8. Army. 
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involving endurance, anerobiec work strength, work capacity, speed and 
coordination. 

The basal diet was very low in B vitamins but adequate in calories, 
protein, minerals and vitamins A, C and D. A rigid daily schedule of 
physical work, tests, meals and rest was followed. The subjects were 
divided into a control group of three men who received vitamin sup- 
plements daily and a ‘‘deficient’’ group of five men who received only 
placebos for a period of 14 days. Following the deficient period there 
was a period of 5 days when both groups received supplements. In 
this way both individual and group controls were provided. 

During a preliminary period of 21 days the men were carefully 
standardized and control measurements and observations were made. 
This was followed by 14 days of ‘‘deficiency’’ and then 5 days of ‘‘re- 
covery.’’ In the last 19 days the daily intake of 4,640 Cal. was not quite 
sufficient to maintain caloric balance in any of the men; there was an 
average total loss of 2 pounds (maximum 4 pounds) in body weight. 
Throughout, all men rigidly followed fixed daily routines. The prin- 
cipal energy expenditure was caused by set tasks on the motor-driven 
treadmill. In the hard work period there were four forced marches 
daily of 60 minutes each at 3.5 miles per hour on the treadmill set at 
a 10% rate of climb. Pulse rates were counted at set times during 
and after this work. A battery of psychomotor tests was applied 
during work on alternate days at the start and at the end of the 
treadmill work. At the end of the second hour of this ‘‘forced’’ 
marching the men ran for 90 seconds at 9.0 miles per hour and a grade 
of 8.6% (‘‘anerobic work’’). At the end of the main work every other 
day additional special tests were made, such as the treadmill version 
of the Fatigue Laboratory Test (Johnson, Brouha and Darling, ’42) 
and the Army Air Forces Fitness Test as used by Lt. L. A. Larson, 
A.A.F. The latter comprises ‘‘sit-ups,’’ ‘‘push-ups’’ and a 300-yard 
shuttle race. Arm vein blood was drawn every fourth day during rest 
before and at 8, 12 and 30 minutes after the anerobic work. Every other 
day each man filled out a questionnaire on his subjective state. De- 
tailed clinical examinations were made repeatedly. These involved the 
use of special opthalmological, electrocardiographic and roentgeno- 
graphic methods. Urine collections (24-hour) were made frequently. 
The subjects were men 19 to 30 years of age with no signs or symptoms 
of significant abnormalities. Under complete supervision they worked, 
slept and ate entirely within the confines of the laboratory. The ex- 
periment rooms were maintained at 77°F. and 50% relative humidity 
at all times. Standard gymnasium clothing was worn in all experiments. 
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METHODS 


All clinical analyses were made in duplicate with frequent blanks, 
standards and controls. Blood lactate was estimated by the method of 
Friedemann, Cotonio and Shaffer as modified by Edwards (’38). Blood 
pyruvate was estimated by the method of Lu (’39) as modified by 
Friedemann and Haugen (’42, ’43). Blood sugar was measured by 
the method of Folin and Wu (’20) with cadmium hydroxide as the 
precipitating agent. Hemoglobin was determined as oxyhemoglobin 
with a photoelectric colorimeter. The 24-hour urine was collected in 
amber glass bottles containing 5 ml. of glacial acetic acid and 3 ml. 
of toluol. The samples were stored at 3°C. while awaiting analysis. 
Thiamine was estimated by the thiochrome method of Hennessy and 
Cerecedo (’39) as modified by the Research Corporation Committee 
for the Determination of Thiamine (’41). Riboflavin in food was de- 
termined by the microbiological method of Snell and Strong (’39) and 
in urine by the fluorometric method of Conner and Straub (’41). Niacin 
in food was measured by the method of Snell and Wright (’41). The 
thiamine method as used here has been checked for foods against 
standard biological assays. 

Grip and back strength were measured with standard dynamometers. 
These measurements, as well as the flicker fusion frequency, were made 
in the morning before the beginning of the treadmill work and in the 
afternoon after the last standard 60-minute hard work period. Manual 
speed and control were tested with a ball-and-pipe test, motor control 
by tracing a stylus through a winding path, and speed of small move- 
ments by the tapping test as used previously (Keys et al., 43). An- 
other test made during actual work on the treadmill was a measure- 
ment of reaction time involving gross bodily movements and postural 
adjustments. 


Diet 


Four fixed menus were used in rotation for all subjects. They pro- 
vided an average of 35% of calories as fat. Protein adequacy was 
ensured (85 gm. daily average) by the use of vitamin-free casein and 
gluten. Only flavoring amounts of chicken, veal or beef were allowed 
(20 gm. daily). All flour and cereals were low-vitamin preparations. 
‘*Cream’’ was prepared by diluting a special 70% butterfat cream. 
The principal food items were macaroni or polished rice (400 gm.), 
bread (270 gm.), jello (150 gm.), butter (90 gm.), jelly (150 gm.), 
‘““eream”’ (300 gm.), hard candy and sugar (60 gm.), cake, cookies and 
pie (200 gm.) and farina (140 gm.). Very small amounts of canned 
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grapefruit, grape juice, pears, peaches, cherries, apples, strawberries 
and string beans made up the balance except for seasonings and token 
amounts of fresh lettuce and celery. Supplements supplied to all men 
daily ensured adequacy of minerals and of vitamins A, C and D accord- 
ing to National Research Council recommendations. 

Every day each subject swallowed capsules, the contents of which 
were unknown to them or to the observers. The capsules used for the 
control subjects in the ‘‘deficient’’ period, and for all subjects in the 
‘‘recovery’’ period contained yeast concentrate and pure vitamins pro- 
viding a daily total of 3.25 mg. of thiamine, 2 mg. of riboflavin, 15 mg. 
of niacin, 25.2 mg. of pyridoxine, and 0.5 mg. of calcium pantothenate. 
Both vitamin and placebo capsules were identically flavored and colored. 


TABLE 1 


Average total (food plus capsules) vitamin intakes in milligrams per 1,000 Cal., and, in 
brackets, mili:gram per day for the three control subjects and the five ‘‘deficient’’ subjects. 
Average total caloric intakes per day are also given. Note the average caloric expendi- 
tures were approximately equal to the intakes for the *‘ Preliminary’’ and ‘‘Control’’ periods 
but were about 150 to 200 Cal. per day greater than the intakes in the ‘‘ Deficient’’ and 
** Recovery’’ periods. 


PERIOD PRELIMINARY CONTROL DEFICIENT RECOVERY 
No. of days 15 6 14 5 
Cal. intake 3,560 4,430 4.640 4,640 
Thiamine (control) 0.44 ( 1.57) 0.85 ( 3.78) 0.86 ( 3.99) 0.86 ( 3.99) 
Thiamine (deficient) 0.44 ( 1.57) 0.85 ( 3.78) 0.16 ( 0.74) | 0.86 ( 3.99) 
Riboflavin (control) 0.56 ( 2.00) 0.68 ( 3.00) | 0.59 ( 2.74) | 0.55 ( 2.55) 
Riboflavin (deficient) 0.56 ( 2.00) 0.68 ( 3.00) | 0.15( 0.70) | 0.55 ( 2.55) 
Niacin (control) 5.9 (20.9) 5.3 (23.8) {| 5.0 (23.2) | 5.3 (24.6) 
Niacin (deficient) 5.9 (20.9) 5.3 (23.8) 18 ( 8.3) 5.3 (24.6) 


It should be noted that prior to the experiment all of the subjects 
had subsisted for some months in a civilian public service camp where 
the intake of B vitamins was suspected but not proved to be low. In 
order to standardize the body stores of these vitamins, a period of 
21 days preceding the ‘‘deficient’’ period was devoted to standardiza- 
tion of both the diet and the test procedures. Effort was made to 
approximate the National Research Council recommendations for this 
period. The actual intakes minus the N.R.C. recommendations for these 
caloric levels averaged, in mg. per man per day, for these 21 days as 
follows: Thiamine = + 0.14, riboflavin = — 0.72, niacin = + 1.0. 

All meals were prepared, weighed out and eaten under the super- 
vision of a dietitian. Identical meals were analyzed for vitamins and 
stored at — 25°C. for repeat analysis. The total daily vitamin intakes 
are summarized in table 1. 
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RESULTS 


Clinical and subjective reports 

No clinical changes occurred in any of the men at any time. All of 
the subjects were somewhat stiff and sore for the first 4 or 5 days of 
the hard work; this quickly disappeared and was not more prominent 
in the deficient than in the control group. Throughout the entire work 
period all subjects were tired at the end of each day as would be ex- 
pected from the severity of the work. However, all of the men showed 
some training improvement. These phenomena were equally prominent 
in both groups. No anorexia, constipation, excessive fatigue, unusual 
muscle soreness, weakness, photophobia, cheilosis, depression, anxiety, 
irritability or sleeplessness occurred. The spirit was excellent at all 
times. The absence of subjective alterations associated with the level 
of the vitamin intake was clearly shown in the questionnaires. No 
changes were seen in electrocardiographic, x-ray or ophthalmological 
examinations. 

Urinary eacretion 


Average urinary excretions of thiamine and of riboflavin for the two 
groups are given in table 2. The 24-hour output of thiamine clearly 
reflected the supplementation in the control group and remained at a 


TABLE 2 


Average 24-hour urinary excretion of thiamine and of riboflavin as per cent of the total intake 
of these vitamins. Column headings give the number of days from the start of the experiment. 
Compare with table 1. 


| 


PRE- | 


PERIOD | ummmrany | CONTROL | DEFICIENT | RECOVERY 
a Vitamin 1-12 19-20 25-26 | 29-30 33-34 40-41 
Thiamine (control) 14 16 17 17 17 24 
Thiamine (deficient) . 15 14 14 7 5 14 
Riboflavin (control) 27 + 26 26 35 37 
Riboflavin (deficient ) 28 29 13 26 29 28 


fairly constant fraction of the intake in that group until the supple- 
ment was stopped. The deficient group started at much the same level 
but showed a rapid decline in both the absolute and percentage thia- 
mine excretions. The excretion of riboflavin was similar to that of 
thiamine in the control group. In the deficient group, however, the 
excretion as per cent of intake did not decline though the absolute 
riboflavin excretion quickly fell to a low level. 

Sincg the daily vitamin intake was accurately determined, each 
24-hour urinary excretion measurement constituted in itself a ‘‘satura- 
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tion’’ test. In addition, however, an extra 1.0 mg. of thiamine and 
1.0 mg. of riboflavin were administered for ‘‘saturation’’ tests on the 
last day of the ‘‘deficient’’ diet, May 20th. The result for thiamine 
was an average recovery of 17.3% in the urine of the control group and 
3.3% in the ‘‘deficient’’ group. For riboflavin the recovery averaged 
37% in the control group whereas it was only from 1 to 6% in the 
‘“deficient’’ group. 
Results of ‘‘ fitness’’ tests 


The grand averages for fitness, strength and psychomotor tests are 
summarized in table 3. In most of the tests, notably the Fatigue Labora- 
tory Fitness test, all men showed some training improvement for sev- 
eral weeks but there was no significant differentiation between the two 
groups of men in any of the tests. The detailed records of the indi- 
viduals offer no exceptions; i.e., as in the clinical and all other observa- 
tions not a single man showed any changes which could be linked to 


the vitamin intake. 
TABLE 3 
Grand averages for the principal fitness, strength and psychomotor tests. ‘‘ Preliminary 
Period’’ is the average for the tests in the last 5 days just prior to the deficiency period. 
** Deficiency Period’’ is the average for the tests in the last 6 days of the deficiency period. 
‘* Recovery Period’’ is the average for tests in the last 2 days of the ‘‘recovery’’ with sup- 


plements for all. 


PRELIMINARY PERIOD | DEFICIENT PERIOD RECOVERY PERIOD 
TEST? 
Control Deficient Control Deficient Control Deficient 
1, Anerobic, 1 | 178 172 171 168 171 | 172 
2. Anerobic, 2 138 135 124 113 123 111 
3. Endurance 133 115 118 108 123 112 
4. Capacity 72 66 87 86 88 87 
5. A.A.F. test 50 42 52 47 = wee 
6. Grip strength | 50 57 48 60 49 59 
7. Back strength 305 | 333 328 325 358 347 
8. Coordination 7 ne 47 42 41 40 
9. Speed — accuracy 64 62 67 64 67 68 
10. Motor speed 66 67 65 63 66 63 
11. Reaction speed 48 49 43 46 46 46 
12. Flicker F. F. 59 | 60 58 58 61 59 
‘Test item no. 1 = pulse rate, in beats per minute, in the first 15 seconds after anerobic 
work; item no. 2 = pulse rate during 60 to 75 seconds after anerobiec work; item no. 3 
= average pulse during the last 5 minutes of 60 minutes of forced marching on the treadmill; 
item no. 4 = Fatigue Laboratory Test score; item no. 5 = A.A.F. Test score; item no. 6 
= grip strength in kilograms; item no. 7 = back strength in pounds; item no. 8 = number 
of errors in the pattern tracing test; item no. 9 = ball-pipe circuits completed; item no. 


10 = number of alternate plate taps in the first 10 seconds of tapping; item no. 11 = average 
gross body-posture reaction time, in units of 1/120 second, during work on the freadmill; 
item no. 12 = maximum flicker fusion frequency in flickers per second. Note that better 
performance is indicated by low scores in tests 1, 2, 3, 8, and 11. 
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Blood lactate and pyruvate 


None of the blood lactate or pyruvate results could be interpreted 
as showing any relation to the level of vitamin intake. Ordinarily the 
most significant values are those during rest and at 12 minutes after 
anerobic work. The grand averages for these are summarized in 
table 4. 

TABLE 4 


Grand average values for blood lactate and pyruvate, in milligram of the acids per 100 ce. 
of blood, at rest and at 12 minutes after standard anerobic work. ‘‘ Prelim.’’ and ‘‘ Recov.’’ 
as in table 3. Other Column headings refer to the nwmber of days on the deficient regime. 


PRELIMINARY 


4TH DAY 8TH DAY 13TH DAY | RECOVERY 
ITEM 

Con- | Defi: Con- | Defi- | Con- | Defi- | Con- | Defi- | Con- | Defi- 

trol cient trol cient trol cient trol cient trol cient 

Pyruvate, rest 09 | 09 09 | 09 08 | 10, 10} 10] 09 | 10 
Pyruvate, 12min. 31 | 41 | 32 | 39 31) 40 | 42 
Lactate, rest 11 9 | 10 8 | 6 7 | 8 ae ee 
Lactate, 12 min. | 72 9 | 55 74 =| 41 62 50 638 | 55 | 62 

DISCUSSION 


The absence of essential data in the report by Johnson et al. (op. cit.) 
prevents exact comparison with the present results. In their study 
the energy expenditure, caloric intake, proportion of calories as fat, 
and the vitamin intake were unknown. However, proceeding from 
their food lists and their impressions of the level of energy output all 
reasonable assumptions lead to the same general rough estimates: 
their diet supplied, per 1,000 Cal., something like 0.12 mg. of thiamine, 
at least 0.25 mg. of riboflavin and perhaps 1.5 mg. of niacin. There 
is no basis for even this rough comparison for the other B vitamins but 
any difference between the two diets must have been small. The thia- 
mine excretion of our subjects was apparently greater than that of the 
Harvard group but the method used by the latter for the determination 
must be questioned. It was reported that their ‘‘thiamine’’ subjects, 
who received 2 mg. of pure thiamine daily in addition to that in the 
diet, excreted an average of 200yg. per day. This only amounts to 
about 8% of the intake which is widely at variance with all other ex- 
perience at this level of intake. 

The subjective symptoms described by Johnson et al. (’42), are of 
the vague type commonly related by the neurotic patient and easily 
induced by suggestion. They resemble those reported by Jolliffe et al. 
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(’39). The latter study has been effectively criticized by Wang and 
Yudkin (’40). 

The principal evidence offered by Johnson et al. (’42), for deteriora- 
tion on their restricted diet is contained in their graph on p. 591. 
From this it appears that a marked loss in physical fitness occurred 
in 2 days and that up to the time yeast was given there was only a 
trivial difference at most between the men who received thiamine sup- 
plements and those who did not. The most consistent difference be- 
tween the two groups appeared when they were all on exactly the same 
regime (the yeast period). The absence of proper controls is un- 
fortunate. 

The most reasonable explanation for the results reported by Johnson 
et al. (’42), is provided by a consideration of the subjects and the 
conditions of their experiment. A group of sedentary laboratory work- 
ers, highly conditioned to expect marked effects, were suddenly put 
to unaccustomed severe physical work and were fed a peculiar and 
monotonous diet. Apparently they all suffered in differing degrees from 
the symptoms which have been widely publicized for thiamine defi- 
ciency, even though half the men were given thiamine supplements. 
One man developed ‘‘cheilosis of marked degree,’’ though the authors 
themselves consider that there was no riboflavin deficiency. The 
physical ‘‘fitness’’ test used is one which is readily affected by moti- 
vation and by the stiff and sore muscles resulting from excessive un- 
accustomed exercise. We have also seen sudden marked improvement 
in the score in this test after some days of hard training. 

In previous work in this laboratory we have studied the relation 
between physical ‘‘fitness’’ and performance to vitamin ‘‘supercharg- 
ing’’ (Keys and Henschel, ’42) and to restriction in thiamine and ribo- 
flavin intake (Keys, Henschel, Mickelsen and Brozek, ’43; Keys, Hen- 
schel, Michelsen, Brozek and Crawford, ’44). We believe that the rela- 
tion between ‘‘fitness’’ and vitamin intake is much less close than is 
popularly supposed to be the case (Keys, ’43; Henschel, ’43). In the 
present study we have attempted to maintain the most rigid controls 
and to apply the most sensitive objective measurements to various 
aspects of physical ‘‘fitness.’’ The results justify very definite con- 
clusions as to the absence of important effects in young men on the 
present restriction in B vitamins during several weeks of very hard 
work. This does not mean that we consider the vitamin intakes used 
here to be adequate for more than limited periods of time. 
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SUMMARY 


1. Eight normal young men were maintained on a rigidly controlled 
regime of diet, physical work and exhaustive tests for 40 days. Twenty- 
one days were devoted to standardization with an average intake of 
B vitamins approximating the National Research Council reeommenda- 
tions. For the next 14 days the basal diet was constant and provided 
an average, in milligrams per 1,000 Cal., of 0.16 of thiamine, 0.15 of ribo- 
flavin and 1.8 of niacin. During these 14 days of ‘‘restriction’’ all men 
received daily capsules. Five men received placebos; each of the other 
three men received abundant daily supplements of yeast concentrate 
and synthetic B vitamins. During the last 5 days the same basal diet 
was used but all eight men received these supplements. 

2. None of the men knew the contents of the capsules ingested. None 
of the observers knew which men were receiving supplements and which 
only placebos. All food was directly analyzed for B vitamins as eaten. 

3. The energy level was carefully standardized by a set regimen of 
fixed tasks, most of them on motor-driven treadmills. Balance was 
maintained at 3,560 Cal. daily for the first 15 days and at 4,430 Cal. 
for the next 6 days. Thereafter (19 days) the average intake was 4,640 
Cal. and the energy expenditure about 4,800 Cal. daily. 

4. Comprehensive clinical examinations, including electrocardi- 
ography and special ophthalmological details, were made at the start 
and at the end. A fixed schedule of repeated carefully standardized tests 
was maintained throughout. These included twelve objective tests 
covering endurance, anerobic work, speed, coordination and muscle 
strength. Blood lactate and pyruvate were repeatedly measured at 
rest and at fixed intervals after standard exhausting anerobic work. 
The urinary excretions of thiamine and of riboflavin were measured 
every few days. Psychological questionnaires were filled out by each 
man every other day. 

5. All results were in conclusive agreement that the vitamin intake 
and limitation were without effect on all the functions measured. Of 
all the variables measured and observed only the vitamin excretion 
in the urine reflected the intake. 
| 6. Claims that normal men undergo physical deterioration in a few 
| days of hard work on diets similarly restricted in B vitamins are seri- 
ously questioned. The results reported previously are explained on 
| the basis of factors independent of the vitamin intake, namely, faulty 
experiments and lack of objective measurements and proper controls. 
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ADDENDUM 


Dr. Keys has kindly shown us this paper in which he reports results dia- 
metrically opposite to those we obtained 2 years ago in a study which was 
similar in general plan, and he has offered us this opportunity to discuss the 
discrepancies. The completeness and thoroughness of Dr. Keys work leave 
no doubt about the reliability of his results. Therefore one of two conclu- 
sions must be drawn: (1) either our experiments contained erroneous ob- 
servations or conclusions, or both; or (2) the experimental conditions were 
sufficiently different to account for the difference in results. 

Dr. Keys’ chief criticisms are that our subjects were (1) sedentary, (2) 
suggestible, (3) unaffected by thiamine, and (4) that the analytical methods 
were poor. These criticisms, although perhaps not fully answered in the 
published work, were nonetheless covered in the complete protocols of our 
experiments. 1. Our subjects, as is customary among the workers in our 
laboratory, were experienced in outdoor work and in field trips and the 
majority had just completed experiments involving vigorous physical train- 
ing. Their physical deterioration on the diet was completely different from 
their experience before and since on comparable field trips. 2. In answer 
to the criticism that suggestion was responsible for the changes observed 
we can only say that none of us expected any positive results in this short 
time. Furthermore, the thiamine pills and placebos were dispensed exactly 
as in Dr. Keys’ experiments without the subjects knowing their content. 
3. In answer to the criticism that there was no significant difference between 
the thiamine and placebo groups, we must point out that symptoms in the 
two groups were markedly different and that these symptoms were wholly 
different from those observed before and more recently on field trips under 
strenuous conditions. 4. The criticism of our analytic method for thiamine 
may be answered directly. The method of Egafia and Meiklejohn has proven 
reliable in (a) measuring accurately thiamine added to urine, (b) giving low 
blanks and good check values and (c) agreeing well with biological methods 
in the analysis of yeast. 

These answers to the criticisms coupled with the results Dr. Ivy obtained 
which were similar to ours lead us to believe that our observations were 
real and our conclusions valid in the main. It would seem therefore more 
profitable to look to the second of the two possibilities mentioned in our first 
paragraph and to explore differences in experimental conditions in the hopes 
of reconciling the results. The main differences were: 1. Dr. Keys’ subjects 
lived in a temperate laboratory environment; ours were outdoors in winter. 
2. His subjects exercised wholly on a treadmill; ours in various outdoor 
activities. 3. The dietary thiamine intake of our subjects was undoubtedly 
lower, as shown not only by the estimates from the diet, but also from the 
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more rapid drop in urinary excretion of thiamine and the lower levels 
reached. 4. In our experiments the change in diet was more abrupt. Other 
smaller differences may be important, e. g., the type of food used. The 
recent demonstration of the biosynthesis of thiamine by Holt and Najjar 
complicates the entire picture. In view of this it may be necessary to con- 
sider many factors other than the intake of preformed thiamine. It is obvious 
that further work is necessary to clarify the problem fully. 

R. E. Johnson 

R. C. Darling 

W. H. Forbes 

Harvard Fatigue Laboratory. 
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DIETARY PROTEIN AND PHYSICAL FITNESS IN 
TEMPERATE AND HOT ENVIRONMENTS? 


G. C. PITTS, F. C. CONSOLAZIO AND R. E. JOHNSON 
WITH THE TECHNICAL ASSISTANCE OF 
J. POULIN,’ A. RAZOYK,? AND J. STACHELEK 


The Fatigue Laboratory, Harvard University, Soldiers’ Field, Boston, Massachusetts 


(Received for publication January 11, 1944) 


Recommendations for the daily protein intake of men who are doing 
hard physical work have ranged from 50 to 165 gm. The low figure 
is that of Chittenden (’04) and the high figure that of Rubner (’02) 
with intermediate estimates coming from many other authors (Lusk, 
31, pp. 448 and 449). The present figure given by the National Re- 
search Council (’43) of 70 gm. daily represents a compromise. Most 
previous suggestions have stemmed from observations on men working 
in a temperate environment. For men working in hot environments 
recommendations are commonly made that protein intake be restricted 
(Rubner, ’02; ‘Lusk, ’31) on the ground that its high specific dynamic 
action imposes an unnecessary load on the heat dissipating mechanisms 
of the body. However, in actual practice many groups of men in this 
country who are accustomed to working in the heat prefer a diet con- 
taining liberal quantities of meat. Good examples are harvesters, 
miners and professional baseball players. 

» In view of the practical and theoretical importance of the problem 
a study has been made of subjects subsisting on three levels of protein 
intake. Particular attention was paid to the quantitative measurement 
of the subject’s physical fitness for work in temperate and in hot 
environments. 


METHODS 


The general plan of the experiment was as follows: Three healthy 
young men were subjects. The experiment covered four successive 
periods of at least 6 weeks each in the winter and spring of 1942-1943. 


* This work was done under a contract, recommended by the Committee on Medical Research, 
between the Office of Scientific Research and Development and the President and Fellows of 
Harvard College. 

* We are indebted to the First Service Command, U. 8. Army, for the services of Cpl. Joseph 
Poulin, Technician Fifth Grade, Pfc. A. Razoyk and Pfc. Joseph Stachelek. 
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The diets were nutritionally complete but varied from period to period 
with respect to level of protein. Observations in each period fell into 
three distinct categories: (a) observations on diet and nutritional state, 
(b) observations on physical fitness for work in both temperate and 
hot environments, and (c) observations on metabolism. 


Diet and nutritional state 


The subjects ate in a college dining hall. Total caloric intake was not 
restricted. Control observations were made in October and November 
with the subjects on their customary normal diet. From November 30th 
to January 11th the diet was high in first-class proteins with corre- 
sponding reduction in carbohydrate. From January 12th to March 
6th the diet was sharply restricted in first-class proteins with corre- 
sponding increase in carbohydrate. During this period the diet was 
supplemented with 10 gm. of Fleischman’s dried brewers’ yeast * 
(type B 90) twice a week. This was to avoid the possible ill effects of 
B-complex deficiency. After March 6th the subjects returned to their 
customary diet. Dietary intakes were calculated according to standard 
tables (Bridges and Mattice, 42). Specimens of urine were collected 
frequently over 24-hour periods for estimation of nitrogen excretion. 
Samples of blood were drawn periodically from the subjects before 
breakfast for estimation of plasma protein. Urinary nitrogen and 
plasma protein were estimated by the micro-Kjeldahl method of Ma and 
Zuazaga (’42). Fasting body weight was measured frequently. 


Physical fitness 


In each dietary period physical fitness for hard work was tested both 
under temperate and under simulated desert and tropical conditions. 
A fourth subject subsisting at all times on a normal diet was included 
in all physical fitness measurements as a control against the effects 
of training and acclimatization. 

Temperate environment. The test of Johnson, Brouha and Darling 
(’42) was used to assess physical fitness at 75°F., 50% relative 
humidity, and 0 m.p.h. wind velocity. In this test of stamina and cardio- 
vascular fitness the subject runs on a motor driven treadmill at 7 m.p.h. 
up an 8.6% grade either until he is exhausted or, if not exhausted, for 
5 minutes. On the basis of duration of effort and the sum of three pulses 
during recovery a score in arbitrary units is calculated. A change in 


* We wish to thank Standard Brands, Inc., for the gift of this yeast. 
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score of about 3 or 4 points is significant. Each subject was given two 
such tests in each dietary period. 

Hot environments. Performance in the heat was tested by prolonged 
marches on a treadmill. Short bursts of exhausting activity were found 
not to be well suited for observing responses to heat. Moist, tropical 
conditions were simulated at 95°F., 85% relative humidity and 5 m.p.h. 
wind. The subjects spent 10 to 12 hours a week in the heated room. In 
all tests of physical fitness in the heat the grade was 2.5%, the speed 
3.5 m.p.h. and the length of performance 1 hour and 20 minutes. The 
maximal length of marching in 1 day was 5 hours. Salt intake was 
adequate at all times. Water intake was constant for each subject 
from experiment to experiment and was at a level which had been found 
to satisfy thirst at all times during the preceding normal period. Fit- 
ness was judged from terminal pulse rate and rectal temperature, 
equal weight being placed on each of these factors. 


Metabolic observations 


The effects of dietary protein level on respiratory metabolism were 
studied by a separate set of experiments in each dietary period under 
temperate (75°F., 50% relative humidity, and 0 m.p.h. wind) and 
tropical (95°F., 85% relative humidity, and 5 m.p.h. wind) conditions. 
These experiments on respiratory metabolism were distinct from those 
designed to test physical fitness. For each set of observations the 
subject came to the laboratory in a fasting state and rested while lying 
down for at least $ hour in the appropriate room. His respiratory 
exchange was measured while reclining, standing and marching (after 
reaching.a steady state) on a motor-driven treadmill at 3.5 m.p.h. 
Expired gases were collected in a Tissot gasometer or Douglas bag, 
and oxygen and carbon dioxide were estimated with the Haldane ma- 
chine (Haldane, ’35; Peters and Van Slyke, ’31). In order to make the 
physiological stresses on the heat dissipating mechanisms comparable, 
a grade of 8.6% was used in the temperate room and a grade of 2.5% 
in the hot humid room. Neither grade of work was sufficient to cause 
an appreciable rise in blood lactate. Nitrogen in the urine during the 
periods of reclining, standing and marching was determined as de- 
scribed above. After completing the morning march the subject ate 
a late breakfast followed by lunch at the usual time. These meals 
were appropriate in protein content to the particular dietary period and 
contained approximately % of the protein intake for the day. One 
and a half hour after lunch the subject lay down again in the same 
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room as in the morning and the exact procedure of the morning was 
repeated. The total respiratory exchange and non-protein R.Q. were 
calculated according to standard methods (Lusk, ’31, pp. 64-69; Lusk, 
*24). 
RESULTS AND CONCLUSIONS 

For the sake of clarity the results will be presented and discussed 
under the following headings: (a) observations on diet and nutritional 
state, (b) observations on physical fitness and (c) observations on 
respiratory exchange. 


Observations on diet and nutritional state 


Table 1 presents data on dietary intake, body weight, urinary nitro- 
gen excretion and plasma protein concentration. The figures on dietary 
intake are for particular days considered to be typical of the subject 


TABLE 1 


Dietary intake, urinary nitrogen excretion, plasma protein and body 
weight as affected by type of diet. 


TYPICAL DIETARY INTAKE (PER DAY) MBAN MEAN MEAN 
BODY URINARY PLASMA 
Calories Protein Carbohydrate Fat WBIGHT NITROGEN PROTEIN 
gm. gm. gm. kg. gm./day gm./100 mi. 
Averages 
Normal before 3040 105 391 117 70.1 12.9 7.2 
High protein 3970 149 333 226 72.0 18.5 7.4 
Low protein 3250 7 431 136 70.5 9.5 7.2 
Normal after 3350 108 386 153 71.8 13.5 7.1 


for the entire period under consideration. It will be noted that the 
average protein intake during the low protein period was 76 gm. per 
day, a rate of intake which would not be considered ‘‘low’’ by many 
authors. However, in view of the two following facts it may justifiably 
be called a ‘‘low protein diet.’’ First, our subjects averaged over 
100 gm. per day during both normal periods. Hence 76 gm. per day is 
a low protein diet for them. Second, our subjects were consuming over 
3,000 Cal. per day, and with this caloric intake it is very difficult to 
reduce protein intake much below 76 gm. per day without resorting to 
highly artificial diets. Several points should be noted. First, urinary 
nitrogen excretion was highest during the high protein period and low- 
est during the low protein period. Second, plasma protein tended to be 
highest during the high protein period although its changes were 
slight. Third, changes in weight were small but maximal weight was 
attained during the high protein period. 
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Observations on physical fitness 

Temperate environments. The figures given in table 2 are physical 
fitness scores derived as described above under METHODS. Each 
score is an average of two determinations made in the latter half of 
the particular period. Three points should be noted. First, subjects 
G.P., J.S. and Control showed a steady improvement from the start of 
the observations through the low protein period. This we believe to be 
a training effect resulting from the high level of physical activity of 
the subjects. Similar results have been noted in many other instances in 
this laboratory (Johnson, Brouha and Darling, ’42). Subject J.P. 
reached a training plateau before the experiment started. Second, there 
are minor drops of 3 to 4 points in the scores of all subjects except 
J.S. during the normal period after. During this period as well as the 
latter part of the low protein period an epidemic of the common cold 
infected all subjects except J.S. We attribute this small decrease in 


TABLE 2 


Physical fitness scores in @ temperate environment, 
(75°F ., 50% relative humidity. Each figure an average of two. Scores are in arbitrary units.) 


NORMAL HIGH LOW NORMAL 

BEFORE PROTEIN PROTEIN AFTER 
SP. 40 40 40 37 
JS. 54 67 74 76 
G.P. . 85 90 93 90 
Average 60 66 69 68 
Control os 68 76 72 


physical fitness to these colds. Third, there were no changes in physical 
fitness other than those noted above either in the experimental subjects 
or in Control. Hence we conclude that for periods of at least 6 weeks 
dietary protein may be maintained at any level between 75 and 150 
gm. per day without affecting physical fitness as measured in temperate 
environments. 

These results are borne out by a field nutrition study made by this 
laboratory on twenty-one subjects (Darling, Johnson and Pitts, ’43). 
They also correspond with results of other authors. Chittenden (’04) 
obtained similar results but gave them a different interpretation. His 
soldier subjects reported that they tired less easily and had more 
stamina on the low protein diet than on the preceding normal diet. 
Also the professional college athletic director in charge of training 
the subjects reported great improvement in their physical condition 
toward the end of their training period (low protein diet) as compared 
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with the start (normal diet). Chittenden attributed both the subjective 
and objective improvement to the low protein diet. It seems more rea- 
sonable to interpret his results as we have ours. That is to say, a 
vigorous training program such as that to which his men were sub- 
jected is almost bound to lead to increased vigor and hardihood, and 
any adequate diet will enable this improvement to proceed. Our work 
supports and extends that of Bassett, Holt and Santos (’22) who, using 
approximately the same levels of protein intake as we have, found 
no effects on physical fitness of high or low protein diets lasting for 
1 week; however, we lengthened the dietary periods to 6 weeks or 
more and have employed a much more precise measure of physical 


fitness. 
TABLE 3 


Pulse rates and rectal temperatures during walking in hot environments, 
(Means of 4 to 9 measurements on different days.) 


NORMAL BEFORE HIGH PROTEIN LOW PROTEIN NORMAL AFTER 
SUBJECT Pulse Rectal Pulse Rectal Pulse Rectal Pulse Rectal 
rate Temp. rate temp. rate temp. rate temp. 
/min. (°F.) /min. (°F.) /min. (°F.) /min. (°F.) 


Hot moist environment (95°F., 85% humidity) 


GP 134 101.4 128 101.5 131 101.4 128 101.5 
JP 138 102.3 134 101.6 156 102.6 162 102.8 
JS 143 102.1 141 101.6 139 101.6 134 101.4 
Average 138 101.9 134 101.6 142 101.8 141 101.9 
Control eas ieee 162 102.7 156 102.8 160 102.8 
Hot dry environment (110°F., 25% humidity) 
GP 127 101.2 116 100.8 114 100.2 110 100.4 
JP 146 101.7 138 101.1 128 101.0 126 101.2 
JS 130 101.3 122 100.9 118 100.5 118 100.2 
Average 134 101.4 125 100.9 120 100.6 118 100.6 
Control bas ree 148 101.4 132 101.3 152 101.9 


Hot environments. The physical fitness of the subjects for intermit- 
tent work in hot environments can be deduced from the data in table 3. 
Therein are listed the means of pulse rates and rectal temperatures 
measured at comparable times in experiments performed as described 
above under METHODS. It will be worthwhile at this point to clarify 
two terms used in this paper: ‘‘undue stress upon the heat dissipating 
mechanisms’’ and ‘‘negligible increase in heat production.’’ Both of 
these concepts involve a distinction between mathematically real but 
physiologically insignificant increments of body heat. Healthy young 
men fully trained and acclimatized can perform physical labor in the 
heat in a physiological steady state provided water supply is unlimited 
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and the degree of exercise is not too severe. The body’s mechanisms 
for maintaining heat balance are so efficient that this same steady state 
can be maintained under many conditions even when an increase is 
made in the amount of heat to be dissipated, provided the increase 
is small. We consider stresses upon the mechanisms for dissipating 
heat to be insignificant and increases in heat production to be negligible 
when they do not measurably affect the ability of a subject to maintain 
a given steady state. 

The data in table 3 lead to three main conclusions. First, all subjects 
showed an improvement in performance during the first two or three 
periods. We believe this to be the residual acclimatization process 
described by Robinson, Turrell, Belding and Horvath (’43). These 
authors distinguish an initial period of about 7 days in which acclimati- 
zation to hot environments is quite rapid followed by a long-continued 
period of much slower acclimatization. All of our subjects had com- 
pleted the initial period of rapid acclimatization before this experiment 
began. Second, subjects J.P. and Control exhibited a decline in per- 
formance during the last one or two dietary periods. We attribute 
this to the colds which were previously mentioned as affecting physical 
fitness in temperate environments. Third, there were no changes in 
performance at either 95°F. and 85% humidity or 110°F. and 25% 
humidity which are attributable to dietary protein level. In other words 
dietary protein may be maintained at any level between 75 and 150 gm. 
per day for periods of at least 6 weeks without affecting performance 
in a physical test which may increase the pulse rate by 60 or more 
beats per minute and raise the rectal temperature by 3 or more degrees 
Fahrenheit. This finding does not support the recommendation com- 
monly made (Lusk, ’31, p. 456) that meat be avoided in hot weather. 
Similarly Stefansson (’35-36) does not agree with this recommendation 
since he observed no unpleasant symptoms resulting from an all meat 
diet during a New York summer. 

It has been alleged that increasing the dietary protein level sig- 
nificantly increases the loss of water in sweat. Lusk (’31, p. 409) con- 
siders an experiment of Rubner’s in which the heat production and 
avenues of heat loss were studied in a man performing 850 Cal. of work 
in one day at 20°C. When the subject ate a diet of meat, more of the 
extra heat production due to work was lost by increased activity of 
the sweat glands than when he ate cane sugar only. This led Lusk to 
the conclusion that ‘‘a high protein dietary is therefore contra-indicated 
in athletic contests, especially when the weather is hot and humid.”’’ 
Tn the present experiments marching under standard conditions of work 
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in the hot, moist environment led to almost the same hourly loss of 
sweat independently of dietary period. The averages of the three 
subjects per hour of marching were: high protein period, 1.19 liters 
(twenty-two experiments); low protein period, 1.27 liter (twelve ex- 
periments). These results are different from Rubner’s, and the reasons 
are made clear by examining Rubner’s data. In the first place, his 
diets were artificial, employing on the one hand cane sugar and on the 
other meat. In daily life, as in our experiments, diets usually range 
from 50 to 200 gm. of protein per day. In the second place, the extra 
loss of water due to protein was, in Rubner’s experiment, only 0.6 liters 
a day. This is an insignificant stress to the body when one considers 
that a normal, healthy young man is able to work day after day losing 
10 or more liters of sweat. Only under conditions when water is strictly 
limited would this extra loss of sweat due to dietary protein become 
important. 


Observations on respiratory exchange 


We shall discuss separately the metabolism while reclining, stand- 
ing and walking as it was affected by three factors: first, long-term 
changes due to prolonged subsistence upon the various levels of dietary 
protein; second, changes during individual days caused by ingestion 
of food; third, changes due to environment independent of diet. The 
full data are presented in table 4, the individual values for the three 
subjects being averaged for the sake of simplicity and clarity. It 
should be stressed initially that these experiments were not planned 
to demonstrate the relative specific dynamic action of isocaloric amounts 
of foodstuffs, but were intended to simulate normal daily life. The 
subjects, therefore, ate to satisfy hunger, being restricted in the pro- 
portions but not the quantity of foodstuffs eaten. Thereby are brought 
out certain practical points which compensate for the increased varia- 
bility characterizing data collected under these conditions. 

Reclining metabolism. In the present experiment the difference in 
protein content between the high and low protein diets (which may 
probably be considered as extremes for normal life) was about 400 Cal. 
per day. We may assume that the specific dynamic action of this incre- 
ment is about 100 Cal. which is distributed throughout the 24 hours 
and probably amounts to not more than 6 Cal. in any 1 hour. Therefore 
a man with a basal metabolic rate of 1,800 Cal. per day is unlikely ever 
to increase that rate by more than 5% in changing from a low protein 
diet to a high one. These expectations are borne out by the data in 
table 4A. The basal metabolic rate during the high protein period was 
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1 to 2 Cal../m?/hr. above that during the low protein period. This was 
3 to 5% of the total basal rate, a negligible amount from the standpoint 
of heat dissipation. A second point is that meals whether high, low or 
normal in protein content led to about the same increase in reclining 
metabolism, between 8 and 13 Cal./m?/hr. Finally, table 4A shows no 
consistent effects of environment on total reclining metabolism. 


TABLE 4 


Metabolism as affected by type of diet, by individual meals and by environments. 
(Average of three subjects.) 


HIGH PROTEIN DIET LOW PROTEIN DIET NORMAL DIET 
“ - fter 2 After 2 sti After 2 
INTEREST * A r 
Fasting meals Fasting meals Fasting meals 


(A) RECLINING 
Temperate conditions (75°F., 50% relative humidity) 


Metabolism (Cal./m?/hr.) 39 48 38 46 36 49 
Non-protein R.Q. 0.77 0.84 0.80 0.88 0.76 0.87 
Pulse (beats/min. ) 57 62 57 61 54 64 
Rectal temp. (°F.) - wa 98.0 98.4 98.2 98.6 
Moist hot conditions (95°F., 85% relative humidity) 
Métabolism (Cal./m?/hr.) 39 47 37 48 40 49 
Non-protein R.Q. 0.83 0.89 0.82 0.87 0.84 0.91 
Pulse (beats/min.) 67 72 63 70 61 71 
Rectal temp. (°F.) 98.4 99.1 98.5 99.1 98.5 99.1 


(B) STANDING 
Temperate conditions (75°F., 50% relative humidity) 


Metabolism (Cal./kg./hr.) 1.15 1.39 1.15 1.33 1.14 1.41 
Non-protein R.Q. 0.82 0.87 0.84 0.87 0.81 0.86 
Pulse (beats/min.) 74 83 76 79 74 74 
Rectal temp. (°F.) ae om 98.4 99.0 98.5 98.9 
Moist hot conditions (95°F., 85% relative humidity) 
Metabolism (Cal./kg./hr.) 1.26 1.44 1.20 1.39 1.17 1.48 
Non-protein R.Q. 0.88 0.85 0.80 0.87 0.78 0.89 
Pulse (beats/min.) 90 91 94 93 84 94 
Rectal temp. (°F). 98.9 99.3 99.1 99.7 99.0 99.5 


(C) MARCHING 
Temperate conditions (75°F., 50% relative humidity), speed 3.5 m.p.h., grade 8.6% 


Metabolism (Cal./kg./hr.) 7.80 7.96 7.48 7.67 7.36 7.54 
Non-protein R.Q. 0.86 0.90 0.89 0.93 0.87 0.92 
Pulse (beats/min. ) 125 125 125 123 122 119 
Rectal temp. (°F.) én ‘“s 99.4 100.0 99.5 100.1 
Moist hot conditions (95°F., 85% relative humidity), speed 3.5 m.p.h., grade 2.5% 
Metabolism (Cal./kg./hr.) 5.09 5.24 4.95 5.13 5.22 5.34 
Non-protein RB.Q. 0.86 0.88 0.87 0.91 0.83 0.91 
Pulse (beats/min. ) 124 127 124 121 122 120 
Rectal temp. (°F.) 99.9 100.4 100.0 100.6 99.7 100.6 
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Standing metabolism. Table 4B shows the average standing metabol- 
ism for the three subjects. It is expressed in terms of Cal./kg. body 
weight/hr. since standing metabolism is probably more nearly propor- 
tional to body weight than to surface area. The practical conclusions 
to be drawn from the table are similar to those in the case of reclining. 
First, the difference between the fasting metabolic rates during the 
high protein and during the low protein period was small, not exceed- 
ing 5%. Second, the post-prandial rise in metabolism varied from 0.18 
to 0.31 Cal./kg./hr., being lowest in the low protein period. Third, 
there was a consistent small effect of environment on total standing 
metabolism, which was always slightly higher in hot than in temperate 
environments, regardless of diet or of meals. The difference was at 
the most 7 Cal. per hour for a 70 kg. man. 

Marching metabolism. It will be recalled that in order to impose com- 
parable stresses upon the mechanisms for heat loss, a lower grade of 
work was employed in the hot, moist room, where it was equivalent 
in severity to marching at 3.5 m.p.h. on the level with a 40-pound pack, 
a standard U.S. Army pace. Consideration of table 4C leads to two 
chief conclusions. First, the overall diminution in metabolism during 
work in changing from a high protein to a low protein diet amounted 
at most to 0.3 Cal./kg./hr. This constituted a decrease in the marching 
metabolic rate of only about 4%. It cannot be said that one is taxing 
the heat dissipating mechanism of the body when one increases a 
moderate metabolic rate by 4%. This conclusion is borne out by the 
actual performance of our subjects. Under environmental conditions 
which were extremely severe they performed at least as well in the 
high protein period as they did in the low protein period. The second 
conclusion is that regardless of protein content of the meals the post- 
prandial rise in metabolism never exceeded 0.2 Cal./kg./hr. and con- 
stituted a negligible heat load according to our criteria. 

Non-protein R.Q. Three consistent changes of theoretical interest 
were noted in non-protein R.Q. First, under both environmental con- 
ditions and in all three types of activity there was a post-prandial 
increase in the non-protein R.Q. of the same magnitude in all three 
dietary periods. Second, in the reclining state the non-protein R.Q. 
was higher under moist hot conditions than under temperate conditions. 
Third, during marching the non-protein R.Q. tended to be lower under 
moist hot conditions than under temperate conditions. When ‘‘par- 
tition of nutrients’’ was calculated by the usual methods, the ‘‘per- 
centage of metabolism due to carbohydrate’’ showed the same changes 


as the non-protein R.Q. 
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GENERAL DISCUSSION 


The results of the present experiments have some bearing on certain 
practical aspects of human nutrition. It would appear that for periods 
of at least 6 weeks dietary protein level may vary widely (from 75 to 
150 gm. a day) without affecting physical fitness for intermittent work 
either under temperate or under hot conditions. Since a high protein 
diet is preferred by most workmen, it should not be prohibited on the 
basis of effects on physical fitness or heat dissipation. However, in 
the special case where water supply is limited, as in a lifeboat, a high 
protein diet is contra-indicated for two possible reasons. First, the 
increase in waste nitrogenous products demands extra water for their 
excretion. Second, the specific dynamic action of protein presumably 
demands a small increase in perspiration. Neither of these two factors 
is of any practical significance under ordinary circumstances. 


SUMMARY 


1. The effect of variation in the level of dietary protein upon the 
physical fitness and metabolism of three subjects was studied under 
both temperate and tropical conditions while reclining, standing and 
marching. 

2. The urinary nitrogen excretion in grams per day averaged 18.5 
during the high protein period, 9.5 during the low protein period and 
12.9 and 13.5 during the normal periods before and after the experiment, 
respectively. There were minor changes in body weight with a maximum 
during the high protein period. The plasma protein level showed no 
significant changes. 

3. Physical fitness under temperate conditions showed no changes 
attributable to dietary protein level. 

4. Performance of work in both hot, dry and hot, moist environments 
showed no changes attributable to dietary protein level. In both cases, 
however, improvements due to training and acclimatization were ob- 
served. 

5. Metabolism while reclining and while standing was not significantly 
different in the high and low protein periods. Metabolism while march- 
ing was slightly lower in the low protein period. However, as judged 
by actual performance in the heat this was a physiologically insignifi- 
cant change. 

6. It is concluded that even though protein does have a high specific 
dynamic action, the theoretical objections heretofore raised against a 
high protein diet in hot environments are unjustified under the condi- 
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tions of our observations. Protein intake may vary widely from 75 
to 150 gm. daily without effect upon performance of intermittent work 


in the heat. 
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The dietary requirement necessary to promote lactation adequate for 
the growth of the new-born rat is more stringent than that required 
for the growth of older animals or for reproduction. Lactation thus 
provides a more exacting criterion for the evaluation of the adequacy 
of a diet than the usual growth method. 

Sure (’24a,b) demonstrated that diets satisfactory for growth and 
reproduction are in some cases inadequate for lactation. A larger 
intake of the B complex is required for lactation (Sure, ’27) and pos- 
sibly there is a specific component called ‘‘B,’’, essential for milk pro- 
duction (Sure, ’4la). Para-amino benzoic acid was shown to be a 
component of this factor, a finding which has recently been confirmed 
(Sure, ’43); it was also demonstrated that inositol has an injurious 
effect on lactation which is counteracted by para-amino benzoic acid. 
Diets containing 18% of casein as the protein were unsatisfactory unless 
supplemented with cystine (Sure, ’41b). Sure found that neither butter 
fat, lard, hydrogenated cottonseed oil, olive oil nor wheat germ oil was 
able to promote satisfactory lactation on an otherwise inadequate diet. 

The present tests are an extension of earlier investigations (Deuel 
et al., 44) where comparisons were made of the growth of young rats 
on diets of mineralized vitamin-fortified skimmed milk powder con- 
taining butter and on similar diets containing corn, cottonseed, olive, 
peanut or soybean oil, or a margarine in place of the butter. 

1 This work was carried out under a research grant from The Best Foods, Inc. The authors 
wish to acknowledge the helpful advice of Prof. Anton J. Carlson of the University of Chicago, 


of Prof. Arthur W. Thomas of Columbia University, and of Dr. H. W. Vahlteich of The Best 
Foods, Ine. during the course of the experiments. 
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In the present study, the effectiveness of such diets in supporting 
pregnancy and lactation has been followed in rats maintained on these 
diets from the time of weaning (21 days of age). 


EXPERIMENTAL 


Three series of experiments consisting of 207 individual tests were 
carried out. The rats in the first series (series IJ in Deuel et al., ’44a) 
were bred at 133 days of age after having received the different diets for 
16 weeks; those in the second series (series III in the earlier report) 
were mated at 105 days of age after having received the various diets 
for 12 weeks. The third series represents some of the rats of our 
present second series which were rebred 4 weeks after the birth of 
their first litter. In all cases females were mated with males which had 
received the same diets. In the first two series, the litters were reduced 
to seven animals at 3 days of age. Because of the marked effect of 
the size of the litter on rate of growth, we have averaged the weights 
of those rats only as long as the litters were maintained at seven 
animals. 

In series I the weights were recorded only at 3 days and 21 days 
of age; in series II the weights are reported at 3, 7, 14, and 21 days. 
The litters in series III were reduced to two female rats at 3 days. 
They were weighed at 3, 7, and 14 days of age at which time they were 
weaned. 

No flavoring was added to the diets in series I. However, after the 
demonstration in other experiments that flavor plays an important role 
in food consumption (Deuel and Movitt, ’44b), diacetyl? or butter 
flavor * was added to the diets employed in series II and III. Other 
experimental conditions were similar to those in the earlier tests. 

A statistical evaluation of the mean weight is applied only to the 
21-day weights in series II and to the weights at 14 days in the third 
series. This is because the average values given for the weights at 
the earlier periods and for part of the litters at 21 days in series I are 
based on the litter weight rather than on the weight of the individual 
rats. 

RESULTS AND DISCUSSION 

The results of the various experiments are summarized in table 1. 

On diets composed of mineralized skimmed milk powder, and a fat 
fortified with the fat-soluble vitamins essential for the rat, successful 


? Obtained from Larkin and Co., Buffalo, New York. 
***B.F.A.’’ obtained from Verley Products Corporation, 1621 Carroll Avenue, Chicago, 


Tilinois. 
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COMPARATIVE NUTRITIVE VALUE OF FATS 


x TABLE 1 


The average weight of rats at several periods before weaning when the mothers had been 
raised and were maintained on diets of skimmed milk powder and different fats.* 


LITTERS NO. OF | WEIGHT OF RATS * 
BRED | Born one lar BIRTH | 3 days | 7 days 14 days 21 days* DIED 
Series I 
| | | gm. gm. gm. gm. 
I ei ots 9.5 | 7.67 31.0(42) 1 
Il 9.8 | 7.60 29.6 (42) 0 
78 | 7.96 | 30.4(14) 2 
IV 10 | 10 1 6.0 | 6.95 25.9(14) 8 
v {| ! 102 | 89 38.6(28) 0 
VI 0] 86 | 7.87 | 27.3(21) 2 
7m 7 7.07 32.7 (42) 0 
Series II | 
14 | 14 | 0 | 96 | 7.41 | 18.4(77) | 24.6(56) |35.8%0.6(42) 29 
II 16 | 14 ; | @ 7.62 | 13.2(77) | 22.8(70) |34.9+0.7(70)| 1 
| 15 | 14 1 | 97 8.13  12.8(84) | 22.9(84) |34.9+0.5(84) 0 
Iva} 15/15; 1 | 93 7.83 13.6(98) | 22.0(98) |36.140.5(98) 0 
|. 7.53 | 11.8(49) | 21.7(49) |33.0+0.9(42) 1 
VI | 15 | 15 s | Bs 7.53 | 12.4(63) | 23.4(63) /|35.7%0.5(63) 2 
viII | 15 | 14 1 | 76 | 747 | 12,6(63) | 22.8(63) |35.8+0.6(56) 1 
Series III | | 
Ia} 6 6 | 0 7.3 8.19 | 14.8 | 31.6+1.1 | | oO 
| | (12) | 
II 8 7.92 | 141 | 28.7412 | 
| | | 
II | 10) 10 | 92 7.93 | 12.7 | 25.7+1.2 
| (20) 
IV2 | 10 8 0 6.3 8.56 | 13.6 27.1+1.1 0 
| (10) 
vi 5 3 0 5.8 7.19 | 95 20.85 0 
(4) 
vr | 8 8 0 7.9 8.68 | 14.9 30.1+1.7 0 
(16) 
VII 6 5 | 0 8.0 | 9.60 | 15.0 31.0+0.9 0 
(10) 


The figures in parentheses represent the number of animals on which the averages are based. 

+The diets had the following composition: Mineralized skimmed milk powder 70.6%, the 
added minerals per 100 lbs. being MnSO,- 7H,O, 3.455 gm., CuSO, 5H,0, 3.340 gm., 
FeC,H,0,° 3H,0, 45.557 gm.; a butter fat, a margarine fat, or vegetable oils supplemented 
with vitamins and flavor as indicated below per 1000 gm. fat (in series II and III where a 
whole butter or a whole margarine was used, these were increased so that the same amount 
of fat was present) 29.4%. The supplements in the fat were: vitamin A—earotene (40% 
of total A) 8 mg., vitamin A concentrate 133 mg., vitamin D— viosterol 801 mg., vitamin E 
and tocopherol 10 mg., diacetyl or commercial butter flavor 4 mg. 

2 The diets containing the various fats are designated as follows: I, butter fat; Ia, whole 
butter; II, eorn oil; III, cottonseed oil; IV, a margarine fat; IVa, a whole margarine; 
V, olive oil; VI, peanut oil; VII, soybean oil. 

* The average weight at 3 days is the mean weight of all rats. The average values at 7, 14 
and 21 days in series I and II are for rats only in those litters where there were seven rats. 
In series III, the weight at 7 and 14 days are for two in a litter. 

* Including the standard error of the mean caleulated as follows: 

ed? / Vn where ‘‘d’’ is the deviation from the mean and ‘‘n’’ is the number of 

n observations. 

5 Too few experiments for statistical evaluation. 
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pregnancy ensued irrespective of whether the fat added was a butter, 
a margarine, or corn, cottonseed, olive, peanut or soybean oil. That 
the various diets are adequate for fertility in both males and females 
is indicated by the fact that over 94% of the females cast litters. If 
fat per se is required for fertility and pregnancy, its requirement may 
be equally well satisfied by the various vegetable fats as by butter. 

From the standpoint of lactation, as judged by the survival of the 
litters and the weight of the young at weaning time, the different fats 
were also equally effective. No statistical differences were found in 
series II or series III where the groups were sufficiently large for a 
statistical evaluation. Although such an analysis was applied only to 
the 21- and 14-day weights respectively in these two groups, it is evident 
from the inspection of the average weight at 3, 7, and 14 days that these 
values for the rats on the various diets are all within experimental error. 
A possible exception is the olive oil group in series III which would 
appear to be definitely lower than the other groups. On the other hand, 
the rats receiving the olive oil diet in series I have a considerably 
higher average weight than the rats on the diets containing the other 
fats. This seeming discrepancy may be because the number of rats 
in series III which received the olive oil is too small on which to base 
any conclusions (only two litters). It might also be due to the inferior 
grade of olive oil which was used in the third series as contrasted with 
the first and second series when a more satisfactory sample was avail- 
able. In series II, values of this group are within the experimental 
error of the other groups. 

With the exception of the animals receiving the olive oil diet, the 
weight of the rats in series III at 14 days was 20 to 30% higher than 
in the second series. This is probably to be ascribed to the fact that 
the litters were reduced to two rats in the former case although there 
is also the possibility that it may partly be due to the fact that the 
rats in the third series were from second litters which are usually 
somewhat larger than those from the first litter. 

The reason for the large mortality in the group receiving the butter 
diet in series II is unknown. This was not observed in the first or third 
series; moreover, growth of the mothers which had been started on 
this diet at 21 days of age had previously been shown to be satisfactory 


(Deuel et al., 44a). 
SUMMARY 


No differences were found in the fertility of male or female rats 
which from 21 days of age had received diets of mineralized skimmed 
milk powder fortified with the necessary fat-soluble vitamins and vari- 
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ous fats irrespective of whether the lipid was butter, a margarine, corn, 
cottonseed, olive, peanut, or soybean oil. Moreover, such diets were 
equally efficient in promoting lactation as judged by the weights of the 
rats when weaned at 14 or 21 days of age. 


DevEL, H. 


DEvEL, H. 


Surg, B. 


LITERATURE CITED 


J., Jz., E. Movirr, L. F. HALLMAN AND F. Marrson 1944a Studies on the com- 
parative nutritive value of fats. I. Growth rate and efficiency of conversion of 
various diets to tissue. J. Nutrition, vol. 27, p. 107. 
J., Jk., AND E. Movirr 1944b Studies on the comparative nutritive value of fats. 
III. The effect of flavor on food preference. J. Nutrition, vol. 27, p. 339. 
1924a The existence of a specific vitamin for reproduction. J. Biol. Chem., vol. 
58, p. 693. 

1924b The existence of the reproductive dietary complex (vitamin E) in the 
ethereal extracts of yellow corn, wheat embryo, and hemp seed. J. Biol. Chem., 
vol. 62, p. 371. 

1927 Vitamin B requirements for normal lactation. J. Biol. Chem., vol. 74, p. 55. 


——————_ 194la Dietary requirements for fertility and lactation. XXVII. The lactation- 


promoting properties of cystine when added to casein diets. J. Nutrition, vol. 22, 
p- 491. 

1941b Dietary requirements for fertility and lactation, XXIX. The existence 
of a new dietary factor essential for lactation. J. Nutrition, vol. 22, p. 499. 

1943 Dietary requirements for fertility and lactation. XXXI. Further studies 
on the role of p-amino benzoic acid and inositol in lactation and growth of the albino 
rat. J. Nutrition, vol. 26, p. 275. 


= 
« 

: 


Act 
Aci 
Act 
Ads 
Adi 
Adi 
All 
Alk 
ALI 
Alv 
Ane 
Ars 
Ase 
Ass 
Atri 
Ava 
B 
Bar 


INDEX 


395 


A Becarri0n of carotene, studies on .... 


Achromotrichia, cure of, in dogs on synthetic 
diets, unidentified factor(s) in yeast and 
liver essential to 

Acid, ascorbic, blood plasma values, resulting 
from normally encountered intakes of this 
vitamin and indicated human require- 
ments 


need of adults, minimum ...... 
response to intravenous injection 
of, as indicated by the urinary excretion 
of the total and reduced forms 


blood lactic, and alveolar carbon dioxide, 
human respiratory quotients in relation 
to, after ingestion of glucose, fructose, or 


pantothenic, in dogs, studies 
*tolic, biotin, “and” pantothenic acid de- 


ficiency and the liver storage of various 
vitamins in rats fed succinylsulfathiazole 
in highly purified rations 
Actions a benzedrine and propadrine in the 
control of obesity 
Adaptation, dark, in man, some observations 
of, and their a on the problem of 
human requirement for vitamin A 
Adult rats, maintenance of, on diets low in 
certain B vitamins 
Adults, minimum ascorbic acid need of 
— = Hersert S. See Feder, Lewis and 
Alkaloid, pure, coffee and tea, caffeine in the 
orm of, effects on respiratory metabolism 
produced by equal amounts of 
ALMQUIST, HERMAN J., AND CHARLES R. 
Grav. Interrelation of methionine, cho- 
line, betaine and arsenocholine in the 


chick 
Alveolar carbon dioxide and blood lactic acid, 
human respiratory quotients in relation 
to, after ingestion of glucose, fructose or 
galactose 
aoa, secondary, due to prolonged and "ex- 
elusive milk feeding among Shoshone In- 
Arsenocholine, methionine, choline, and be- 
taine in the chick, interrelation of 
Ascorbie acid need of adults, minimum 
response to intravenous injection 
of, as indicated by the urinary excretion 
of the total and reduced forms 


values, blood plasma, resulting 
from normally encountered intakes of this 
vitamin and indicated human require- 


ments 
Associative dynamic effects of protein, carbo- 


Atrabrine, effect of, on choline deficiency in 


nutrition and tolerance to 
Availability of calcium and phosphorus of 
defluorinated rock phosphate for the rat 


ACHMANN, George. See Haldi, Bach- 
mann, Ensor and Wynn 
BaRNES, Ricwarp H., MarGcaret F. Prim- 
ROSE AND GrorGe O. Burr. e influence 

of the protein content of the diet upon 


355 


77 
271 


309 


315 


241 
425 


55 
89 
295 
319 
271 


347 


287 


263 


241 


67 
263 
271 
309 
315 


149 
141 


BARRENTINE, BENJAMIN F., LEONARD A. 
MAYNARD AND JOHN K. Loosii. The 
availability of calcium and phosphorus 
of defluorinated rock phosphate for the 

EstHerR L. AND JANE C. Epps. 
Some observations of dark adaptation in 
man and their bearing on the problem of 
human requirement for vitamin A 

BAUMANN, CaRL A. See Clayton and Bau- 
mann 


See Miller and Baumann .. 
B complex, restricted intake of vitamins of, 
absence of rapid deterioration in men 
doing hard physical work on 
Beef and pork muscle proteins, retention of 
nutritive quality of, during dehydration, 


canning, roasting, and frying Os 
rare and well-done, retention of B- 
BENSLEY, Epwarp H. See Edwards, Bens- 
ley, Dill and Carpenter .............. 
Benzedrine and propadrine, actions of, in the 
BERRYMAN, GEORGE H. AnD E. Howse. 


A short method of calculating the nutri- 
tive value of diets, concluded 
Cyrus E. FRENCH AND 
Haro“tp A. Harper. Response to the 
intravenous injection of ascorbic acid as 
indicated by the urinary excretion of the 
total and reduced forms . 
Betaine, methionine, choline and arsenocholine 
in the chick, ey of 


Biochemical and physiological functions in 
normal young men on a diet restricted 

Biotin, folic acid, and pantothenic acid de- 
ficiency and the liver storage of various 
vitamins in rats fed succinylsulfathiazole 
in highly purified rations 

Brrp, Hersert R. Comparison of response of 
turkey ults and of chicks to different 
forms of vitamin 

Blood lactic acid and alveolar carbon dioxide, 
human respiratory quotients in relation 
to, after ingestion of glucose, fructose, or 
galactose 

—— plasma ascorbic acid values resulting 
from normally encountered intakes of this 
vitamin and indicated human require- 

Bovucuer, Ropert V. Efficacy of vitamin D 
from different sources for turkeys 

Evetyn. See Deuel and Movitt ... 

See Deuel, Movitt, Hallman and 

Brozek, JosepH M. See Keys, Henschel, 
Mickelsen, Brozek and Crawford 

See Keys, Henschel, Taylor, 

BucKMAN, ANN G. See Forbes and Swift .. 

ee Grorce O. See Barnes, Primrose and 

B vitamin content of groats and rolled oats .. 

B vitamins, certain, maintenance of adult rats 

of, in rare and well-done 


AFFEINE in the form of coffee, tea and 
the pure alkaloid, effects on respiratory 
metabolism produced by equal amounts of 


Brown, 


241 


309 


241 


77 


403 
339 


107 
165 


485 
453 


179 
329 


319 
363 


287 


35 i 
295 
155 
319 
— - status of college students, survey ja ee 
485 
23 
363 
89 
231 
. 
263 
43 3 
= 
165 
55 
= 
| 7 
77 

453 
35 
287 a 
179 


516 


Calcium and phosphorus of defluorinated rock 
phosphate for the rat, availability of .... 
Canning, dehydration, roasting, and frying, re- 
tention of the nutritive quality of beef 
and pork muscle proteins during 
Carbohydrate metabolism of normal rats, ef- 
fect of excessive dietary sodium and po- 


protein ‘tat, associative dynamic 


Carbon dioxide, alveolar, and blood lactic acid, 
human respiratory quotients in relation 
to, after ingestion of glucose, fructose, 

Carotene, studies on absorption of ......... 

CARPENTER, THORNE M. See Edwards, Bens- 
ley, Dill and Carpenter .. 

CepERQuisT, Dena C. See Everson, Steen- 
bock, Cederquist and Parsons ........ 

Chick, interrelation of methionine, 
betaine and arsenocholine in .......... 

Chicks and turkey poults, comparison of re- 

sponse of, to different forms of vitamin D 

studies on vitamin E deficiency in 

Children of preschool age, study of riboflavin 
and thiamine requirements of ........ 


Choline deficiency in young rat, effect of 
methionine, betaine and arsenocholine in 
the chick, interrelation of ............ 


CLAYTON, CHARLES C. AND Cart A. Bav- 
MANN. Vitamin A storage and factors 
that affect the liver 

Coffee, tea and the pure alkaloid, caffeine in 
the form of, effects on respiratory metabo- 
lism produced by equal amounts of .... 

Coker, Virarnta. See Dodds and MacLeod .. 

Cas students, survey of ascorbic acid status 

Comparative composition of rats fed different 
diets. Studies of the comparative nutri- 
tive value of fats. IT. 

Comparative nutritive value of fats, studies 
of. I. Growth rate and efficiency of con- 
version of various diets to tissue ... i 
The comparative composition of rats fed 


The negative effect of different fats on 
fertility and lactation in the rat ....... 
Comparison of response of turkey poults and 
of chicks to different forms of vitamin D 
Complex B, restricted intake of vitamins of, 
absence of rapid deterioration in men do- 
ing hard physical work on ..........- 
vitamin B, deficiencies of, and mag- 
nesium deficiency, evaluation of the inter- 
relationships of. Nutrition dermatoses 
Composition, comparative, of rats fed different 
diets. Studies of the comparative nutri- 
tive value of fats. 
Congenital malformations induced in rats by 
maternal nutritional deficiency. VI. The 
preventive factor 
Consouazio, F. D. See Pitts, Consolazio and 
COOPERMAN, JacK M. anp Conrap A. ELVEH- 
sEM. The B vitamin content of groats 
and rolled oats 
Copper metabolism and requirement of young 
Cotton rat, (Sigmondon hispidus hispidus), 
nutrition of 
Cover, SytviA, BarBaRaA A. McLAREN AND 
Pavut B. Pearson. Retention of the B- 


vitamins in rare and well-done beef . 
CRAWFORD, James H. See Keys, 
Mickelsen, Brozek and Crawfor 
CRETZMEYER, CHARLES H. See Hines, Lazere, 
Thomson and Cretzmeyer ............ 
Curing, retention of vitamins in pork hams 
during 


Henschel, 
d 


INDEX 
AM, Henrik. Studies on vitamin E defici- 
35 
DANN, FLEMINTINE P. See Frost and Dann . 
DAVENPORT, Mary T. See Forbes and Swift . 
23 Deficiencies of the vitamin B complex and 
magnesium deficiency, evaluation of the 
interrelationships of. Nutritional derma- 
Deficiency, choline, in young rat, effect of 
folic acid, biotin, and pantothenic acid, 
and the liver storage of various vitamins 
in rats fed succinylsulfathiazole in highly 
241 purified ratioms ..... 
395 magnesium, and deficiencies of the vita- 
min B complex, evaluation of the inter- 
241 relationships of. Nutritional dermatoses 
225 maternal nutritional, congenital a. 
mations induced in rats by. The 
263 preventive factor 
pantothenic acid, in dogs, studies of .. 
377 vitamin E, in chicks, studies on ...... 
193 Defiuorinated rock for the rat, 
availability of calcium and phosphorus of 
435 Dehydration, canning, roasting, and frying, 
retention of the nutritive quality of beef 
149 and pork muscle proteins during .. ‘ 
263 Dermatoses, nutritional, in rat. IX. Evalua- 
tion of the interrelationships of mag- 
nesium deficiency and deficiencies of the 
155 vitamin B complex 
Deveu, Harry, J. Jr., aND Movirt, with 
the technical assistance of Evelyn Brown. 
287 Studies of the comparative nutritive value 
17 of fats. III. The effect of flavor on food 
F. Hatuman. Studies of the comparative 
nutritive value of fats. IV. The negative 
335 effect of different fats on fertility and 
Eur Movirt, F. 
HALLMAN AND FrED Mattson, with the 
107 technical assistance of Evelyn Brown. 
Studies of the comparative nutritive value 
of fats. I. Growth rate and efficiency of 
335 conversion of various diets to tissue ... 
Loris F. HALLMAN, 
339 Eur Movitt, Frep H. MATTsoN AND 
EstHer Wv. Studies of the comparative 
nutritive value of fats. II. The compara- 
509 tive composition of rats fed different diets 
See Shaw and Deuel 
877 Diet(s), different, comparative composition of 
rats fed. Studies of the comparative nu- 
tritive value of fats. 
485 fat content of, thiamine requirement of 
influence of protein content of, upon fat 
123 low in certain B vitamins, maintenance 
nutritive value of, concluded, a_ short 
335 method of calculating ............... 
of twenty women in a moderate-income 
477 restricted in riboflavin, physiological 
and biochemical functions in normal 
simplified, for guinee, pis abies 
synthetic, dogs on, uni entified factor(s) 
329 in yeast and liver essential to cure of 
achromotrichia in 
43 various, growth rate and efficiency of 
conversion of, to tissue. Studies of the 
1 comparative nutritive value of fats. I. . 
Dietary protein and physical fitness in tem- 
perate and hot environments ..... 
363 sodium and potassium, excessive, effect 
of, on carbohydrate metabolism of normal 
Digestibility, fat, influence of protein content 
Diu, Davip B. See Edwards, Bensley, Dill 


193 
355 
453 


123 
149 


55 


123 


339 


509 


107 


335 
395 
335 
253 
179 
319 
231 
185 


165 
885 


355 


107 


497 


11 
179 
241 


| 

123 

477 

425 

193 

35 
] 

23 
E 
- 

The effect of flavor on food preference .. 

— —— TV Effi 
Effi 
Eu 
Eur 
} ELv 
EME 
| Ens 
Envi 
Evah 
Evan 
Evapx 
I 
f Evers 
I 
tl 
Excret 
| re 
cc 


Dopps, Mary L., AND FLORENCE L. Mac- 
Leop. A survey of the ascorbic acid 
status of college students 

cooperation of Virginia Coker, Harvye 
Lewis, Imo H. Sansom, Sarah Stephens, 
Nell Wall and Mary J. Wright. Blood 
lasma ascorbic acid values resulting 

rom normally encountered intakes of this 
— and indicated human _ require- 

Dogs on A nthetic diets, unidentified factor(s) 
in yeast and liver essential to cure of 
achromotrichia in 


CATHERINE. See Winters and 
Dried, fresh, pasteurized, and evaporated milk, 
pyridoxine content of ....... 
Dynamic, associative, effects, of protein, carbo- 


y= JaNE C. See Batchelder and Ebbs 


Epwarps, Haroup T., Epwarp H. BENSLEY, 
B. AND THORNE M. Car- 
PENTER. Human respiratory quotients in 
relation to alveolar carbon dioxide and 
blood lactic acid after ingestion of glu- 


cose, fructose, or galactose ........... 
Effect(s), associative dynamic, of protein, 
negative, of different fats on fertility 


and lactation in the rat. Studies of the 
comparative nutritive value of fats. IV. 
of atabrine on choline deficiency in 
young rat 
excessive dietary sodium and po- 
tassium on the carbohydrate metabolism 
flavor on food preference. Studies 
aa comparative nutritive value of fats. 
I 


germination, the state of maturity, 
and the variety upon the nutritive value 
on respiratory metabolism produced by 
equal amounts of caffeine in the form of 
coffee, tea and the pure alkaloid 
Efficacy of vitamin D from different sources 

for turkeys 


Efficiency of conversion and growth rate of 
various diets to tissue. Studies of the 
comparative nutritive value of fats. I. . 

ELKIN, CARRIE A. See Pijoan and Elkin 

Euuis, Nep R. anp Lovuts L. Mapsen. The 
thiamine requirement of pigs as related 
to the fat content of the di 

ELVEHJEM, CONRAD A. See apes and 

lvehjem 


—— — See * Schweigert, McIntire 
EMERSON, GLADYS A. AND HERBERT M. 
Evans. The bioassay of vitamin E ... 
Ensor, CHARLES. See Haldi, Bachmann, En- 
Environments, temperate and hot, dietary pro- 
tein and physical fitness in 
Evaluation of the interrelationships of mag- 
nesium deficiency and deficiencies of the 
vitamin B complex. Nutritional derma- 
Evans, HERBERT M. See Emerson and Evans 
VirGinia J. See Sullivan and Evans . 
Evaporated, fresh, pasteurized, and dried milk, 
Everson, Guapys J., Harry STEENBOCK, 
Dena C. CEDERQUIST AND HELEN T. 
Parsons. The effect of germination, the 
state of maturity, and the variety upon 
the nutritive value of soybean protein 
Excretion, urinary, of riboflavin, studies on . 
the total and reduced forms, 
response to intravenous injection of as- 
corbic acid as indicated by 


INDEX 


315 


77 


355 
425 
185 
415 
453 
295 


241 


509 


107 


Excretions, urinary, of riboflavin, influence 
of sub-optimum doses of thiamine on. 
Vitamin interrelationships. III 


practons that affect the liver and vitamin 
A storage 
cute, ae nutritive value of, studies 
. Growth rate and efficiency of con- 
et of various diets to tissue 
—  - - The 
comparative composition of rats fed dif- 
ferent diets 


’. The 
negative effect of different fats on fer- 
tility and lactation in the rat 
content of diet, thiamine requirement of 
pigs as related to 
Fat(s), different, 
tility and lactation in the rat. 
of the comparative nutritive 
oe digestibility, influence of protein con- 
tent of diet upon 
protein and carbohydrate, 
FEDER, VirgiInta H., GeorGe T. Lewis AND 
HERBERT S. ALDEN. Studies on the uri- 
nary excretion of riboflavin .......... 
Fertility and lactation in the rat, negative ef- 
fect of different fats on. Studies of the 
comparative nutritive value of fats. IV. 
Fitness, physical, and dietary protein in tem- 
perate and hot environments ......... 
Flavor, effect of, on food preference. Studies 
of the comparative nutritive value of 
Folie acid, biotin, and pantothenic acid defici- 
ency ‘and the liver storage of various vita- 
mins in rats fed succinylsulfathiazole in 
highly purified rations ............... 
recerence, effect of flavor on. Studies 
of the comparative nutritive value of 
Forses, E. B. anp R. W. Swirt, with the 
technical assistance of Ann G. Buckman, 
Jane E. Schopfer and Mary T. Davenport. 
Associative dynamic effects of protein, 
carbohydrate and fat 
FRENCH, Cyrus See Berryman, French 
Fresh, pasteurized, evaporated, and dried milk, 
pyridoxine content of ............... 
Frost, Dovetas V. AND FLEMINTINE P. 
DANN. Unidentified factor(s) in yeast 
and liver essential to cure of achromo- 
trichia in dogs on synthetic diets 
Fructose, glucose, or galactose, human respira- 
tory quotients in relation to alveolar car- 
bon dioxide and blood lactic acid after in- 
Frying, dehydration, canning, and roasting, 
retention of nutritive quality of beef and 
pork muscle proteins during 


negative "effect ‘of, “on fer- 
Studies 
value of 


associative 


Food 


gone ee glucose, or fructose, human 
iratory quotients in relation to al- 

ss carbon dioxide and blood lactic 

acid after Gf 
Germination, effect of, the state of maturity, 
and the variety upon the nutritive value 

Glucose, fructose, or galactose, human respira- 
tory quotients in relation to alveolar car- 

bon dioxide and blood lactic acid after 


Gorpon, Epaar S. See Kyhos, Gordon. Kim- 
ble and Sevringhaus ................ 


Grav, CHARLES R. See Almquist and Grau . 
Groats and rolled oats, B vitamin content of 
Growth rate and efficiency of conversion of 
various diets to tissue. Studies of the 
comparative nutritive value of fats. I. . 
Guinea pig, simplified diets for 


517 

447 

155 
107 

= 
335 
" 

cy effect of flavor on food preference 

253 
179 
347 
509 
= 497 
149 
11 
" 
339 | 
339 

225 
287 453 
309 
= 415 
253 355 : 
ert 

241 
419 x 
469 23 
287 | 
497 
241 
123 
469 225 
271 a 
263 
225 329 
847 
107 

309 385 a 


wy 


518 


ALDI, JoHN, GeorGe BACHMANN, 
CHARLES ENSOR AND WINFREY WYNN. 
The effects on respiratory metabolism pro- 
duced by equal amounts of caffeine in 
the form of coffee, tea and the pure alka- 


HALLMAN, Lois F. See Deuel, Hallman, 
Movitt, Mattson and Wu ..........:. 
—— See Deuel, Movitt and Hall- 
-_—- See Deuel, Movitt, Hallman 


HamIvrTon, JoHN W. AND ALBERT G. HOGAN. 
Nutritional requirements of the Syrian 

Hams, pork, retention of vitamins in, during 
betes 

Hamster, Syrian, nutritional requirements of 

Harper, Harotp A. See Berryman, French 

HEDDERICH-ARISMENDI, HERNAN. See Old- 
ham, Johnson, Kleiger and Hedderich- 

Heestep, Davin M., JoHN M. MoKIsBIN 
AND FREDERICK J. STARE. Nutrition and 
tolerance to atabrine 

The effect of atabrine on cho- 
line deficiency in the young rat... .. 

Henscuev, Austin F. See Keys, Henschel, 
Mickelsen, Brozek and Crawford ...... 

— See Keys, Henschel, Taylor, 
Mickelsen and Brozek 

Hines, Harry M., BERNARD LAZERE, JOHN 
D. THOMSON AND CHARLES H. CRETZ- 
MEYER. A _ study of neuromuscular re- 
generation under different levels of vita- 

Hopson, AvrRIAN Z. The pyridoxine content 
of fresh pasteurized, evaporated, and 

Hogan, ALBERT G. See Hamilton and Hogan 

Hower, Pavut E. See Berryman and Howe 

Human requirement for vitamin A, some ob- 

servations of dark adaptation in man and 

their bearing on the problem of 
respiratory quotients in relation to “al- 

veolar carbon dioxide and blood lactic 

acid after ingestion of glucose, fructose, 


Sh h a ry 


NDIAN infants, 
anemia due to prolonged and exclusive 
milk feeding among 

Influence of sub-optimum doses of thiamine 
on urinary excretions of riboflavin. Vita- 


min interrelationships. III. .......... 
—— —— the protein content of the diet 
upon fat digestibility ............ 


Intake, restricted, of vitamins of the B com- 
plex, absence of rapid deterioration in 
men doing hard physical work on ..... 

Intakes, vitamin C, study of neuromuscular 
regeneration under different leve's of 

Interrelation of methionine, choline, betaine 
and arsenocholine in the chick ....... 

Interrelationships of magnesium deficiency and 
deficiencies of the vitamin B complex, 
evaluation of. Nutritional dermatoses in 

—— vitamin. III, Influence of sub-optimum 
doses of thiamine on urinary excretions of 


OHNSON, Rosert E. See Pitts, Consolazio 
JOHNSTON, FRANCES. See Oldham, Johnston, 
Kleiger and Hedderich-Arismendi ..... 


EYS, ANnceL, Austin F. HENSCHEL, 
Henry L. Taytor, OLAF MICKELSEN 
AND Joser M. Brozex. Absence of rapid 
deterioration in men doing hard physical 
work on a restricted intake of vitamins of 


INDEX 


287 
335 
509 
107 


213 
419 
213 
309 
435 


141 


149 
165 


241 


67 


447 
179 


485 


303 


263 


123 


447 


497 
435 


Keys, AnceL, Austin F. HENSCHEL, OLAF 
MICKELSEN, Jose¥r M. BROZEK AND JAMES 
H. CrawrorpD. Physiological and bio- 
chemical functions in normal young men 
on a diet restricted in riboflavin ...... 
KimBue, Martan S. See Kyhos, Gordon, 


Kimble and Sevringhaus ............. 
Kiyo, C. G. See Kuiken, McCoy, Schultze 
Kueicer, Saran. See Oldham, Johnston, 
Kleiger - Hedderich-Arismendi ..... 
Kvuiken, K. R. H. McCoy, M. 
SCHULTZE» r= Cc. G. Kine. Simplified 
diets for the guinea pig 


Kyuos, Emma D., Epaar 8S. Gorpon, MARIAN 
S. AND ELMER L. SEVRINGHAUS. 
The minimum ascorbic acid need of adults 


ACTATION and fertility in the rat, nega- 
tive effect of different fats on. Studies 
of the comparative nutritive value of 

Lactic acid, blood, and alveolar carbon dioxide, 
human respiratory quotients in relation 
to, after ingestion of glucose, fructose, 


LAZERE, BERNARD. See Hines, Lazere. Thom- 


Lesuig, RutH E. See Winters and Leslie 
Levels, different, of vitamin C intakes, study 
of neuromuscular regeneration under 
LEVERTON, RutH M. AND EmI.y S. BINKLEY. 

The copper metabolism and requirement 
.. 
Lewis, George T. See Feder, Lewis and 


—— Harvye. See Dodds and MacLeod .. 
Roperr C., Jr., Frances S. 
AND BERNARD B. LONGWELL. The effect 
of excessive dietary sodium and potassium 
on the carbohydrate metabolism of normal 
Liver and yeast, unidentified factor(s) in, 
essential to cure of achromotrichia in dogs 


factors that affect, and vitamin A 


storage of various vitamins and folic 
acid, biotin, and pantothenic acid de- 
ficiency in rats fed succinylsulfathiazole 


in highly purified rations ............ 
LONGWELL, BERNARD B. See Lewis, McKee 
Loosuti, JoHN K. See Barrentine, Maynard 


cCOY, R. H. See Kuiken, McCoy, 
McINTIRE, Junius M., BERNARD S. ScHWEI- 
GERT AND ConRAD A. ELEVEHJEM. The 
nutrition of the cotton rat (Sigmondon 


See Schweigert, McIntire 

McKee, Frances S. See Lewis, McKee and 
McKipsin. JOHN M. See Hegsted, McKibbin 


McUAREN, BARBARA . A. See ¢ Cover, McLaren 
es FLORENCE L. See Doods and Mac- 


Mapsen, Lovis L. See Ellis and Madsen 
Magnesium deficiency and deficiencies of the 
vitamin B complex, evaluation of inter- 
relationships of. Nutritional dermatoses 
Maintenance of adult rats on diets low in 
Malformations, congenital, induced in rats by 
maternal nutritional deficiency. VI. The 
Man, some observations of dark adaptation in, 
and their bearing on the problem of hu- 
man requirement for vitamin A ....... 


599 


253 


123 
319 


H 
165 
271 
385 
435 
385 
271 
= | 
303 
185 
303 
485 
43 
. 247 
303 " 
415 
213 11 
231 M 
355 Mc 
25 — 
155 
55 Mu 
N 
385 
Neu 
Nut 
1 
419 
11 
141 
149 
363 
Nutri 
77 
a 
K 
477 P 
485 295 of 


Maternal nutritional deficiency, congenital 
malformations induced in rats by. VI. 

MatTrson, Frep H. See Deuel, Hallman, 
Movitt, Mattson and Wu ............ 

— See Deuel, Hallman, Movitt 


Maturity, state of, effect of germination, and 
the variety upon the nutritive value of 
soybean protein 

MaynarpD, Leonarp A. See Barrentine, May- 

Men doing hard physical work on a restricted 

intake of vitamins of the B complex, ab- 

sence of rapid deterioration in ........ 

normal young, physiological and _bio- 

chemical functions in, on a diet restricted 

Metabolism, carbohydrate, of normal rats, ef- 
fect of excessive dietary sodium and po- 
tassium on 

—— copper, and requirement of young women 

respiratory, produced by equal amounts 
of caffeine in the form of coffee, tea and 
the pure alkaloid, effects on .......... 

Methionine, choline, betaine and arsenocholine 
in the chick, interrelation of 

Method, shert, of calculating nutritive value 

MICKELSEN, OuaF. See Keys, Henschel, Mick- 
elsen, Brozek and Crawford 

See Keys, Henschel, 

Milk feeding, prolonged and exclusive, among 

Shoshone Indian infants, secondary 

fresh, pasteurized, evaporated, and dried, 

pyridoxine content of 

MILLER, ELIzABETH C. AND CaRL A. Bav- 
MANN. The maintenance of adult rats on 
diets low in certain B vitamins ....... 

Minimum ascorbic acid need of adults 

Moderate-income group, study of diet of twen- 
ty women in 


Taylor, Mick- 


Movitt, Eur. See Deuel, Hallman, Movitt, 
See Deuel and Movitt ......... 
Movitt and Hallman 
Movitt, Hallman and 
Muscle, pork, and beef proteins, retention of 
nutritive quality of, during dehydration, 
canning, roasting, and frying 


TEGATIVE effect of different fats on fer- 
tility and lactation in the rat. Studies of 
the comparative nutritive value of fats. 
IV. 


Neuromuscular regeneration under different 
levels of vitamin C intakes, study of . 
Nutrition and tolerance to atabrine ........ 
of the cotton rat (Sigmondon hispidus 
hispidus) 


Nutritional deficiency, maternal, congenital 
malformations induced in rats by. VI 
The preventive factor .......... 
dermatoses in the rat. IX. Evaluation 
of the interrelationships of magnesium 
deficiency and deficiencies of the vitamin 
requirements of the Syrian hamster ... 
Nutritive, comparative, value of fats, studies 
of. I. Growth rate and efficiency of con- 


version of various diets to tissue ...... 
The comparative composition of rats fed 


The negative effect of different fats on 

fertility and lactation in the rat ....... 
quality of beef and pork muscle 
proteins during dehydration, canning, 
roasting, and frying, retention of ... 
value of diets, concluded, a short method 
of calculating 


INDEX 


225 


123 
213 


107 


335 
339 


509 


23 
231 


Nutritive value of soybean protein, effect of 


germination, the state of maturity, and 
ATS, rolled, and groats, B vitamin con- 


Obesity, actions of benzedrine and propadrine 
in the control of ......c000-::. 

OLDHAM, HELEN, FRANCES JOHNSTON, SARAH 
KLEIGER AND HERNAN HEDDERICH-ARIS- 
MENDI. A study of the riboflavin and 
thiamine requirements of children of 


ANTOTHENIC 
folic acid, and biotin deficiency 

and the liver storage of various vitamins 
in rats fed succinylsulfathiazole in highly 
PaRSONS, HELEN T. See Everson, Steenbock, 
Cederquist and Parsons ............. 
Pasteurized, fresh, evaporated, and dried milk, 
pyridoxine content of 
PEARSON, PauL B. 
Phosphate, rock, defluorinated, for the rat, 
availability of calcium and phosphorus of 
Physical fitness and dietary protein in tem- 
perate and hot environments .......... 
—— work, hard, on a restricted intake of 
vitamins of the B complex, absence of 
rapid deterioration in men doing 


acid deficiency in dogs, 


See Cover, McLaren and 


Physiological and biochemical functions in 
normal young men on a diet restricted 
Pigs, thiamine requirement of, as related to 
MICHEL AND CaRRIE A. ELKIN. 


Secondary anemia due to prolonged and 
exclusive milk feeding among Shoshone 
Pirts, G. F. C. ConsoLazio AND R. E. 
JOHNSON, with the technical assistance 
of J. Poulin, A. Razoyk and J. Stachelek. 
Dietary protein and physical fitness in 
temperate and hot environments ...... 
Plasma, blood, ascorbic acid values resulting 
from normally encountered intakes of this 
vitamin and indicated human _ require- 
Pouine, Crype E., Harotp W. Scuvuirz 
AND HERBERT E. ROBINSON. The reten- 
tion of the nutritive quality of beef and 
pork muscle proteins during dehydration, 
canning, roasting, and frying 
Pork hams, retention of vitamins in, during 
muscle and beef proteins, retention of 
the nutritive quality of, during dehydra- 
tion, canning, roasting, and frying ee 
Potassium and sodium, excessive dietary, ef- 
fect of, on carbohydrate metabolism of 
Povuin, J. See Pitts, Consolazio and Johnson 
Poults, turkey, and chicks, comparison of re- 
sponse of, to different forms of vitamin D 
Preference, food, effect of flavor on. Studies 
- the comparative nutritive value of 
Preschool age, ‘children of, study of riboflavin 
and thiamine requirements of 
Preventive factor. Congenital 


malformations 


induced in rats by maternal nutritional 
Primrose, Marcaret F. See Barnes, Prim- 
Propadrine and benzedrine, actions of, in the 
Protein(s), beef and pork muscle, retention 


of nutritive quality of, during dehydra- 
tion, canning, roasting, and frying 
carbohydrate and fat, associative dyna- 
content of the diet, influence of, upon 


519 


225 


329 
89 


435 


425 


67 


497 


77 


419 


477 


179 
89 


23 
453 
179 


i 

|| 

477 = 

| 

335 O 
107 

35 

485 

165 = 

43 55 
225 
287 
415 

263 
363 
231 
35 eae 

165 
497 
485 
485 
67 

415 165 a 
253 
319 
271 
185 = 
335 

339 
509 

23 = 
509 

4 
303 
141 

23 

1 

11 
477 497 
377 
339 
435 

The effect of flavor on food preference . gor. 
—_— — —— ——_ ly, 


520 


Protein(s), dietary, and physical fitness in 
temperate and hot environments ...... 
soybean, nutritive value of, effect 
of germination, the state of maturity, and 
the variety upon ..... 
Purified rations, highly, rats fed succinyl- 
sulfathiazole in, folic acid, biotin, and 
pantothenic acid deficiency and the liver 
storage of various vitamins in ..... 
Pyridoxine content of fresh, pasteurized, evap- 
orated, and dried milk . 
Quality, nutritive, of beef and pork muscle 
proteins during dehydration, canning, 
roasting, and frying, retention of ..... 
Quotients, human respiratory, in relation to 
alveolar carbon dioxide and blood lactic 
acid after ingestion of glucose, fructose, 


Rat(s), adult, maintenance of, on diets low 
in certain B vitamins 


availability of calcium and phosphorus 
of defluorinated rock phosphate for 
—— congenital malformations induced in, by 
maternal nutritional deficiency. VI. The 
preventive factor 
cotton, (Sigmondon ‘hispidus hispidus), 
fed different diets, comparative compo- 
sition of. Studies of the comparative 
nutritive value of fats. Il. ........... 
— - succiny!sulfathiazole in highly 
purified rations, folic acid, biotin, and 
pantothenic acid deficiency and the liver 
storage of various vitamins in ......... 
—— fertility and lactation in, negative effect 
of different fats on. Studies of the com- 
parative nutritive value of fats. IV. ... 
normal, effect of excessive dietary sodium 
and potassium on carbohydrate metabolism 
nutritional dermatoses in. IX. Evalu- 
ation of the interrelationships of mag- 
nesium deficiency and deficiencies of the 
vitamin B complex 
young, effect of atabrine on choline de- 


AZOYK, A. See Pitts, Consolazio and 
Johnson 
Reduced and total forms, urinary excretion 
of, response to the intravenous injection 
of ascorbie acid as indicated by 
Regeneration, neuromuscular, under different 
levels of vitamin C intakes, study of 9 
Requirement(s) of young women, copper 
—— human, for vitamin A, some observations 
of dark adaptation in man and their 
bearing on the problem of ............ 
— indicated, and normally encoun- 
tered intakes of ascorbic acid. blood 
plasma ascorbic acid values resulting from 
nutritional, of the Syrian hamster ... 
riboflavin and thiamine, of children of 


preschool age, study of .............+-: 
—— thiamine, of pigs as related to fat con- 


Respiratory metabolism produced by equal 
amounts of caffeine in the form of coffee, 
tea and the pure alkaloid, effects on 

—— quotients, human, in re’ation to alveolar 
carbon dioxide and b!ood lactic acid after 
ingestion of glucose, fructose, or galac- 

Response of turkey poults and of chicks to 
different forms of vitamin D, comparison 

—— to the intravenous iniection of ase orbie 
acid as indicated by the urinary excre- 
tion of the total and reduced forms . 

Retention of the B-vitamins in rare and well- 

— ——— —— nutritive quality of beef and 
pork muscle proteins during dehydration, 
eanning, roasting. and frying 

—— —— vitamins in pork hams during 


NDEX 


497 


335 


55 


509 


149 


Riboflavin and thiamine requirements of 
children of preschool age, study of .... 
—— diet restricted in, physiological and bio- 
chemical functions in normal young men 
studies on urinary excretion of ..... 
urinary excretions of. influence of sub- 
eptimum doses of thiamine on. Vitamin 
Roasting, dehydration, canning, and frying, 
retention of nutritive quality of beef and 


pork muscle proteins during ......... 
Rosinson, HerBertT E. See Poling, Schultz 


Rock phosphate, defluorinated, for the rat, 
availability of calcium and phosphorus 


of 
Rolled oats and groats, B vitamin content of 


. cr, Imo H. See Dodds and MacLeod 


Scuoprer, Jane E. See Forbes and Swift 
SCHRAFFENBERGER, ELIZABETH. See War- 


kany and Schraffenberger ........... 
Scuvuutz, Harowp W. See Poling, Schultz 

Scuuurtze, M. O. See Kuiken, McCoy, Schultze 


ScHWEIGERT, BERNARD S., JuNtus M. Mo- 
INTIRE AND CONRAD A. ELVEHJEM. The 
retention of vitamins in pork hams wae 
curing 


and Elvehjem 
Secondary anemia due to prolonged and ex- 
clusive milk feeding among Shoshone In- 


SEvRINGHAUS, ELMER L. See Kyhos, Gordon, 
Kimble and Sevringhaus ............ 


SHaw, J. anp Harry J. Deven, Ir. 
Studies on the absorption of carotene .. 
Short method of calculating nutritive value of 
Shoshone Indian infants, secondary anemia 
due to prolonged and exclusive milk feed- 
ing among . 


Sruper, Ropert H. Studies of pantothenic 
_ acid deficiency in dogs-............. ‘ 
Simplified diets for the guinea pig ......... 


Sodium and potassium, excessive dietary, ef- 
fect of, on carbohydrate metabolism of 

Some observations of dark adaptation in man 
and their bearing on the problem of hu- 
man requirement for vitamin A ....... 

Soybean protein, nutritive value of, effect of 
germination, the state of maturity, and the 


STACHELEK, J. See Pitts, Consolazio and 
Srarz, FrepericK J. See Hegsted, McKibbin 
Status, ascorbic acid, of college students, sur- 

Sreensock, Harry. See Everson, Steenbock, 
Cederquist and Parsons .... ....... 


STEPHENS, SARAH. See Dodds and MacLeod. 

Storage. liver, of various vitamins and folic 
acid, biotin, and pantothenic acid defici- 
ency in rats fed succinylsulfathiazole in 


highly purified rations 
a A, and factors that affect the 


Studies of pantothenic acid deficiency in dogs 
the comparative nutritive value of 
fats. I. Growth rate and efficiency of 
conversion of various diets to tissue 
II. The comparative composition of rats 
fed di different diets ‘ 


IV. The negative effect of different fats 
on fertility and lactation in the rat .... 


23 


35 
329 


155 
425 


107 


335 


s 


Urir 


| 
435 
225 165 
347 
55 447 
415 
= 
23 23 
241 
319 
35 
477 477 
1 23 ' 
385 s 
419 s 
| - ert 
= 
11 T 
395 
123 231 
j 67 — 
| 385 
309 Tol 
Tot 
303 
295 
225 Tur 
295 
497 
77 141 U 
213 149 
253 225 
17 
287 
241 
377 
309 
1 
363 
.. 339 
— 


Studies on the absorption of carotene 


urinary excretion of ribo- 


flavin 


vitamin E deficiency in chicks .. 
Study of neuromuscular regeneration under 
different levels of vitamin C intakes ° 
the diet of twenty women in a 
moderate-income group 
riboflavin and thiamine re- 
quirements of children of preschool age 
Sub-optimum doses of thiamine, influence of, 
on urinary excretions of riboflavin. Vita- 
min interrelationships. III. .......... 
Succinylsulfathiazole, folic acid, biotin, and 
pantothenic acid deficiency and the liver 
storage of various vitamins in highly puri- 
Ged vations, rats fed ... 
SULLIVAN, MAURICE, AND VIRGINIA J. Evans. 
Nutritional dermatoses in the rat. IX. 
Evaluation of the interrelationships of 
magnesium deficiency and deficiencies of 
the vitamin B complex ............... 
Sure, BaRNett. Vitamin interrelationships. 
III. Influence of sub-optimum doses of 
thiamine on urinary excretions of ribo- 


Survey of the ascorbic acid status of college 
Swirt, R. W. See Forbes and Swift ...... 


Synthetic diets, dogs on, unidentified factor(s) 
in yeast and liver essential to cure of 

Syrian hamster, nutritional requirements of . 


—— Mavrice L. Actions of benze- 
drine and propadrine in the control of 


TayLor, Henry L. See Keys, Henschel, Tay- 
lor, Mickelsen and Brozek 


Tea, coffee and the pure alkaloid, caffeine in 
the form of effects on respiratory metabo- 
lism produced by equal amounts of .. 

Thiamine and riboflavin of chil- 

dren of preschool age, study of ....... 

requirements of pigs as related to the 
fat content of the diet 
sub-optimum doses of, 
cretions of riboflavin, 
min interrelationships. III. ...... 
Tuomson, JoHN D. See Hines, Lazere, Thom- 


urinary ex- 
influence of. Vita- 


Tolerance and nutrition to atabrine ........ 
Total and reduced forms, urinary excretion 


of, response to the intravenous injection 
of ascorbic acid as indicated by ...... 
Turkey poults and chicks, comparison of re- 
sponse of, to different forms of vitamin D 
Turkeys, efficacy of vitamin D from different 
NIDENTIFIED factor(s) in yeast and 
liver essential to enre of achromotrichia 
in dogs on synthetic diets ............ 
Urinary excretion of riboflavin, studies on .. 
the total and reduced forms, 
response to intravenous injection of as- 
corbic acid as indicated by 
excretions of riboflavin, 


influence of 


sub-optimum doses of thiamine on. Vita- 
min interrelationships. III. ......... 
ALUE, comparative nutritive, of fats, 


studies of. I. Growth rate and efficiency 
of conversion of various diets to tissue . 


II. The 
comparative composition of rats fed dif- 
ferent diets 


The 
negative effect of different fats on tertilite 
aud lactation im the rat 

nutritive. of diets, concluded, 
method of calculating ............... 


INDEX 


185 
435 


447 


55 


123 


447 


315 
453 


355 
213 


335 


Value, nutritive, of soybean protein, effect of 
germination, the state of maturity, and 
Values, blood plasma ascorbic acid, resulting 
from normally encountered intakes of 
this vitamin and indicated human require- 
Variety, effect of germination, and state of 
maturity upon the nutritive value of soy- 
Vitamin(s) A, some observations of dark 
adaptation in man and their bearing on 
the problem of human requirement for 
storage and factors that affect the 
—— B complex, deficiencies of, and mag- 
nesium deficiency, evaluation of the in- 
terrelationships of. Nutritional derma- 
content of groats and rolied oats 
retention of, in rare and well-done 


—— blood plasma ascorbic acid, and 


indi- 


cated human requirements, values re- 
sulting from norma'ly encountered in- 
—— C intakes, study of neuromuscular re- 


generation under different leve's of 


certain maintenance of adult rats 
D, different forms of, comparison of 


response of turkey poults and of chicks 
to 


from different sources for turkeys, 
efficacy of 
— E, 


deficiency in chicks, studies on 

interrelationships. III. Influence of sub- 
optimum doses of thiamine on urinary 
excretions of riboflavin .............. 
of the B complex, restricted intake of, 
absence of rapid deterioration in men do- 
retention of, in pork hams during cur- 
various, liver storage of, and folic acid, 
biotin, and pantothenic acid deficiency 
in rats fed succinylsulfathiazole in highly 
purified rations 


W414. Next. See Dodds and MacLeod 


WARKANY, JOSEF AND ScCHRAF- 
FENBERGER. Congenital ma!formations 
induced in rats by maternal nutritional 
deficiency. VI. The preventive factor 

WeELcH, ARNOLD D. See Wright and Welch . 

Winters, Jet C. AND RutuH E. Lesuie, with 
the technical assistance of Catherine Don- 
nell. A study of the diet of twenty women 
in a moderate-income group 


Women, twenty, in a moderate-income group, 
young, copper metabolism and require- 


Work, hard physical, on a restricted intake 
of vitamins of the B complex, absence of 
rapid deterioration in men doing ...... 

Wricut, LEMvEL D. AND ARNOLD D. Wetcnr. 

Folic acid, biotin, and pantothenic acid 

deficiency and the liver storage of various 

vitamins in rats fed succinylsulfathiazole 
in highly purified rations ............ 
Mary J. See Dodds and MacLeod 


Wu, EstHer. See Deuel, Hallman, Movitt, 
Wynn, Winrrey. See Haldi, Bachmann, En- 


EAST and liver, unidentified factor(s) in, 
essential to cure of achromotrichia in 
dogs on synthetic diets 


155 


123 
329 


363 


419 


477 
55 


185 
185 
43 


485 


55 
77 


335 
287 


355 


521 
347 
347 225 a 
11 
225 
295 
4 
= 
= 17 
303 
319 
377 
403 
485 
447 
287 
“a 
447 55 a 
141 
377 
403 
355 
355 
309 
107 
339 a 
| 
so 
231 


5 
4 
; 
von 


520 


Protein(s), dietary, and physical fitness in 
temperate and hot environments 
soybean, nutritive value of, 
of germination, the state of maturity, and 
the variety upon 

Purified rations, highly, rats fed succinyl- 
sulfathiazole in, folic acid, biotin, and 
pantothenic acid deficiency and the liver 
storage of various vitamins in 

Pyridoxine content of fresh, pasteurized, evap- 
orated, and dried milk .. 

Quality, nutritive, of beef and pork muscle 
proteins during dehydration, canning, 
roasting, and frying, retention of 

Quotients, human respiratory, in relation to 
alveolar carbon dioxide and blood lactic 
acid after ingestion of glucose, fructose; 
or ga'actose 

Rat(s), adult, maintenance of, on diets low 
in certain B vitamins 
availability of calcium and phosphorus 
of defluorinated rock phosphate for . 
congenital malformations induced in, by 
maternal nutritional deficiency. VI. Th 
preventive factor. .. 
cotton, (Sigmondon ‘hispidus hispidus), 
nutrition of . 

—— fed different diets, comparative compo- 
sition of. Studies of the comparative 
nutritive value of fats. Il. 

—— succiny!sulfathiazole 
purified rations, folic acid, biotin, 
pantothenic acid deficiency and the liver 
storage of various vitamins in 
fertility and lactation in, negative effect 
of different fats on. Studies of the com- 
parative nutritive value of fats. IV. . 

—— normal, effect of excessive dietary sodium 
and potassium on carbohydrate metabolism 
of 
nutritional dermatoses in. IX. Evalu- 
ation of the interrelationships of mag- 
nesium deficiency and deficiencies of the 
vitamin B complex 
young, effect of atabrine on choline de- 
ficiency in 


A. See Pitts, Consolazio and 

Johnson 

Reduced and total forms, urinary excretion 
of, response to the intravenous injection 
of ascorbic acid as indicated by 

Regeneration, neuromuscular, under different 
levels of vitamin C intakes, study of 

Requirement(s) of young women, 
metabolism and 

—— human, for vitamin A, some observations 
of dark adaptation in man and their 
bearing on the problem of 

—— —— indicated, and normally encoun- 
tered intakes of ascorbic acid, blood 
plasma ascorbic acid values resulting from 

nutritional, of the Syrian hamster 
riboflavin and thiamine, of children of 
preschool age, study of 

——— thiamine, of pigs as related to fat con- 
tent of diet . 

Respiratory metabolism produced by equal 
amounts of caffeine in the form of coffee, 
tea and the pure alkaloid, effects on 

—— quotients, human, in re'ation to alveolar 
carbon dioxide and b'ood lactic acid after 
ingestion of glucose, fructose, or galac- 
tose 

Response of turkey poults and of chicks to 
different forms of vitamin D, comparison 
of 

—— to the intravenous iniection of ascorbic 
acid as indicated by the urinary excre- 
tion of the total and reduced forms .. 

Retention of the B-vitamins in rare and well- 
done beef 

— ——- nutritive quality of beef and 
perk. muscle proteins during dehydration, 
canning, roasting. and frying 

—— —— vitamins in pork hams during 
curing 


INDEX 


Riboflavin and thiamine requirements of 
children of preschool age, study of - 

—— diet restricted in, physiological and bio- 
chemical functions in normal young men 
on 
studies on urinary excretion of 
urinary excretions of, influence of sub- 
optimum doses of thiamine on. Vitamin 
interrelationships. III. 

Roasting, dehydration, canning, and frying, 
retention of nutritive quality of beef and 

rk muscle proteins during 

Rosinson, HerRpert E. See Poling, Schultz 
and Robinson .. 

Rock phosphate, defluorinated, for the rat, 
——— of calcium and phosphorus 


Rolled oats and groats, B vitamin content of 


Ganson, Imo H. See Dodds and MacLeod 


Scuorprer, JANE E. See Forbes and Swift 

SCHRAFFENBERGER, See War- 
kany and Schraffenberger 

W. See Poling, Schultz 
and Robinson 

Scnvuurze, M. O. See Kuiken, McCoy, Schultze 
and King 

ScHWBEIGERT, S.. Juntus M. Mo- 
INTIRE AND ConraD A. ELVEHJEM. The 
retention of vitamins in pork hams —_— 


and Elvehjem 

Secondary anemia due to prolonged and ex- 
clusive milk feeding among Shoshone In- 
dian infants 

SEVRINGHAUS, ELMER L. See Kyhos, Gordon, 

imble and Sevringhaus 

Suaw, J. anp Harry J. Deven, Jr. 
Studies on the absorption of carotene 

Short method of calculating nutritive value of 
diets, concluded 

Shoshone Indian infants, secondary anemia 
due to prolonged and exclusive milk feed- 
ing among . 

Smuper, Ropert H. Studies of pantothenic 
acid deficiency in dogs 

Simplified diets for the guinea pig 

Sodium and potassium, excessive dietary, ef- 
fect of, on carbohydrate metabolism of 
normal rats 

Some observations of dark adaptation in man 
and their bearing on the problem of hu- 
man requirement for vitamin A 

Soybean protein, nutritive value of, effect of 
germination, the state of maturity, and the 
variety 

STACHELEK, 
ohnson 

STaRg, J. See Hegsted, McKibbin 

Stare 


Status, ascorbic acid, of college students, sur- 
vey of 

SreENBOCK, Harry. See Everson, Steenbock, 
Cederquist and Parsons . 

STEPHENS, SARAH. See Dodds and MacLeod. 

Storage. liver, of various vitamins and folic 
acid, biotin, and pantothenic acid defici- 
ency in rats fed succinylsulfathiazole in 
highly purified rations 
— A, and factors that affect the 
i 

Studies of pantothenic acid deficiency in dogs 

the comparative nutritive value of 

fats. I. Growth rate and efficiency of 
conversion of various diets to tissue 
II. The comparative composition of rats 
fed different diets 


Ill. The effect of flaver on m food prefer- 


IV. The negative effect of different fats 
on fertility and lactation in the rat .... 


497 435 
225 165 
347 
: 55 447 
415 
23 
23 23 
35 
241 329 
319 
35 
453 
477 477 
1 23 
385 
335 
419 
55 rt 
1 
509 
67 
11 271 
395 
123 231 
149 
67 
425 
497 385 
309 11 
303 
295 
43 
225 
295 
497 
77 141 
213 = . 149 
435 315 
253 225 
77 
287 
55 
241 155 
425 
377 
107 
309 
335 
ence .. 839 
23 —- 
... 


Studies on the absorption of carotene ... 
urinary excretion of ribo- 
vitamin E deficiency in chicks .. 
Study of neuromuscular regeneration under 
different levels of vitamin C intakes 
the diet of twenty women in a 
moderate-income group 
riboflavin and thiamine re- 
quiremefits of children of preschool age 
Sub-optimum doses of thiamine, influence of, 
on urinary excretions of riboflavin. Vita- 
min interrelationships. III 
Succinylsulfathiazole, folic acid, biotin, and 
pantothenic acid deficiency and the liver 
storage of various vitamins in highly puri- 
fied rations, rats fed 
SULLIVAN, MAURICE, AND VIRGINIA J. Evans. 
Nutritional dermatoses in the rat. IX. 
Evaluation of the interrelationships of 
magnesium deficiency and deficiencies of 
the vitamin B complex ............... 
SuRE, Vitamin interrelationships. 
Ill. Influence of sub-optimum doses of 
on urinary excretions of ribo- 


flavin 


Survey of the ascorbic acid status of college 
Swirt, R. W. See Forbes and Swift ...... 


Synthetic diets, dogs on, unidentified factor(s) 
in yeast and liver essential to cure of 

Syrian hamster, nutritional requirements of . 


AINTER, Mavrice L. Actions of benze- 
drine and propadrine in the control of 
See Keys, Henschel, Tay- 
lor, Mickelsen and Brozek 
Tea, coffee and the pure alkaloid, caffeine in 
the form of effects on respiratory metabo- 
lism produced by equal amounts of . 
Thiamine and riboflavin requirements of chil- 
dren of preschool age, study of 
requirements of pigs as related to the 
fat content of the diet 
sub-optimum doses of, 
cretions of riboflavin, influence of. 
min interrelationships. III. 
THoMsON, JoHN D. See Hines, Lazere, Thom- 
son and Cretzmeyer. 
Tolerance and nutrition to atabrine 
Total and reduced forms. urinary excretion 
of, response to the intravenous injection 
of ascorbic acid as indicated by 
Turkey poults and chicks, comparison of re- 
sponse of, to different forms of vitamin D 
Turkeys, efficacy of vitamin D from different 
sources for 


NIDENTIFIED factor(s) in yeast and 
liver essential to cure of achromotrichia 
in dogs on synthetic diets ............ 
Urinary excretion of riboflavin, studies on .. 
-——— the total and reduced forms, 
response to intravenous injection of as- 
corbic acid as indicated by 
excretions of riboflavin, 


on urinary ex- 
Vita- 


influence of 


sub-optimum doses of thiamine on. Vita- 
min interrelationships. III. ......... 
ALUE, comparative nutritive, of fats, 


studies of. I. Growth rate and efficiency 
of conversion of various diets to tissue . 


—— Il. The 
comparative composition of rats fed dif- 
ferent diets 


effect of flavor on food atgreces, 
—- V. The 
negative effect of of different fats on fertility 
and lactation in the rat ............... 

nutritive. of diets. concluded, 
method of calculating ............... 


395 


347 
193 


303 
185 
435 


447 


55 


123 


447 
315 
453 


355 
213 


89 
485 


287 
435 
253 


447 


303 
141 


335 


INDEX 


Value, nutritive, of soybean protein, effect of 
germination, the state of maturity, and 
Values, blood plasma ascorbic acid, resulting 
from normally encountered intakes of 
and indicated human require- 
of germination, and state of 
maturity upon the nutritive value of soy- 
Vitamin(s) A, some observations of dark 
adaptation in man and their bearing on 
the problem of human requirement for . 
storage and factors that affect the 
——  B complex, deficiencies of, and mag- 
nesium deficiency, evaluation of the in- 
terrelationships of. Nutritional derma- 
content of groats and rolled oats 
retention of, in rare and well-done 


beef 
—— blood plasma ascorbic acid, and 
cated human requirements, values 
sulting from norma'ly encountered 
—— C intakes, study of neuromuscular re- 
generation ‘under different leve's of ... 
certain B, maintenance of adult rats 
on diets low in ............. 
D, different forms of, comparison of 
response of turkey poults and of chicks 
to 


from different sources for turkeys, 
efficacy of 
bioassay of 
deficiency in chicks, studies on 
interrelationships. III. Influence of sub- 
optimum doses of thiamine on urinary 
excretions of riboflavin 
of the B complex, restricted intake of, 
absence of rapid deterioration in men do- 


ing hard physical work on ......... 
retention of, in pork hams during cur- 


various, liver storage of, and folic acid, 
biotin, and pantothenic acid deficiency 
in rats fed succinylsulfathiazole in highly 
purified rations 


ws. Neti. See Dodds and MacLeod . 


WARKANY, JOSEF AND ELIZABETH SCHRAF- 
FENBERGER. Congenital ma!'formations 
induced in rats by maternal nutritional 
deficiency. VI. The preventive factor 

WeEtcHu, ARNOLD D. See Wright and Welch . 

Winters, Jet C. AND RutH E. Leswiz, with 
the technical assistance of Catherine Don- 
nell. A study of the diet of twenty women 
in a moderate-income group 


Women, twenty, in a moderate-income group, 
young, copper metabolism and require- 


Work, hard physical, on a restricted intake 
of vitamins of the B complex, absence of 
rapid deterioration in men doing 

LEMvEL D. AND ARNOLD D. WELCH. 
Folie acid, biotin, and pantothenic acid 
deficiency and the liver storage of various 
vitamins in rats fed succinylsulfathiazole 
in highly purified rations 

—— Mary J. See Dodds and MacLeod 


Wu, EstuHer. See Deuel, Hallman, Movitt, 
Wywn, Winrrey. See Haldi, Bachmann, En- 


EAST and liver, unidentified factor(s) in, 
essential to cure of achromotrichia in 
dogs on synthetic diets 


225 


77 


225 


295 


155 


123 
329 


447 


419 


477 
55 


185 
185 
43 


485 


55 
77 


335 
287 


521 
= 
= 
= 
= 363 
77 
303 
319 
377 
403 
— 469 
— 193 
= 55 
gl 
309 
377 | : 
403 
355 
347 
309 
. = 4 
| 
x | 
339 
509 
231 355 
ie 


THE JOURNAL OF NUTRITION 1 


“MOTHER ALWAYS FELT THAT 
| MARRIED BENEATH ME! ” 


DON'T see why,” protested little Beu- 

lah. “I think daddy is very nice.” 
“So do I, child,” Elsie, the Borden Cow, 
hastened to reassure the little calf. “But 
mother was terribly conscious of our fam- 
ily’s position. She never forgot all the flat- 
tering things that Borden inspectors said 
about us.” 

“What’s so wonderful about being flat- 
tered by a Borden inspector?”’ demanded 
Beulah. 


“Any cow that meets the approval of a 
Borden inspector,” explained Elsie, “‘is 
positively the cream of the cream of cow 
society. It’s the Borden inspector’s business 
to be fussy. 


“T don’t like fussbudgets,””’ decided Beulah. 


© Borden Co. 


“You need them in the milk business,” 
siniled Elsie. “‘Fussbudgety Borden inspec- 
tors see to it that the milk that goes into 
Borden products is as pure as the healthiest 
cows and the strictest laboratory controls 
can make it. 


Otherexpert fussbudgets keepcareful tabs 
on every Borden product in every stage of 
production. That makes the name Borden a 
mark of reassurance on such things as Biolac, 
evaporated milk, cheese, or ice cream.” 


“Well, I only hope people appreciate it.” 
said Beulah. 


“They do, child,” beamed Elsie. “Why. 
almost everywhere you go people agree: 
If it’s Borden’s, it’s got to be good!” 


- tf ils Borden, ith got to be good! 


‘AQ 
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They used to scoff at the: AAS BUGG 99 


Remember the days when people laughed 
at the “gas buggy”... how they would sing 
out “get a horse” when the horseless car- 
riage rode by? A rarity once, it’s an 
accepted necessity today. 

There were days, too, when people 
avoided MARGARINE. But that was yester- 
day. MARGARINE’S present uniform vitamin 
A fortification, its nutritious American fats 
which provide the important unsaturated 


fatty acids, plus its incieased palatability, 
sweetness, freshness and...ease of digest- 
ibility...have made it an outstanding nu- 
tritious spread and cooking fat. 

Prejudice against MARGARINE is as fi- 
diculous as would be a prejudice against 
the modern automobile, for this energy- 
producing food is part of the seven basic 
food groups which authorities state are 
needed for good nutrition. 


NATIONAL ASSOCIATION OF MARGARINE MANUFACTURERS 


1 pound of MARGARINE provides whole- 
some, easily digested vegetable oils and 
meat fats of A origin witha 
minimum of 9,000 |. U. of vitamin A. Each 
batch undergoes an average of ten tests for 
purity and stability. 


MUNSEY BUILDING WASHINGTON, D. C. 


Dept. 9 
PROFESSIONAL SERVICE Division, 
NATIONAL ASSOCIATION OF MARGARINE 
MANUFACTURERS, 
MUuNSEY BuILDING, WASHINGTON 4, D. C. 
Kindly forward a complimentary copy of ‘Fats in the 
Wartime Dict.” 
Name. 
Street. 
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NUTRITIONAL ANEMIA IN INFANTS 


REASONS FOR EARLY FEEDING OF PABLUM (OR PABENA) 


1 The infant's initial store of iron is rapidly depleted during the first months of 
* life. (Mackay,' Elvehjem?). About 30% of the iron freed from the hemoglobin 
during the first two months is lost, and while hemoglobin destruction takes 
place, all infants are in negative iron balance. (Jeans,* and Usher, et al.*). 


> During the early months of life the infant obtains very little iron from milk — 
1.44 mg. per day from the average bottle formula of 20 ounces or possibly 
1.7 mg. per day from 28 ounces of breast milk. (Holt,> Jeans*). The incidence 
of nutritional anemia has been found to be high among infants confined large- 
ly to a diet of cow's milk. (Davidson, et al.,° Usher, et al.,* Mackay’). 


For these reasons and also because of the low hemoglobin values so fre- 
quent among pregnant and nursing mothers (Strauss,’ and Gottlieb and 
Strean*), the pediatric trend is constantly toward the addition of iron-con- 
taining foods at an early age, both to normal infants and those with pyloro- 
spasm. (Neff,’ Blatt,’° Brennemann,'' Monypenny’’). 


THE CHOICE OF THE IRON-CONTAINING FOOD 


| Many foods high in iron actually add very little to the diet because much of 

* the mineral is lost in cooking or because the amount fed is necessarily small or 

because the food has a high percentage of water. Strained spinach, for in- 
stance, contains only 1 to 1.4 mg. of iron per 100 Gm. (Bridges**). 


y To be effective, food iron should be soluble. Some foods fairly high in total 
iron are low in soluble iron. Thus egg yolk and liver have less soluble iron than 
does farina, which is very low in total iron. (Summerfeldt'*). Oxalate-contain- 
ing leafy vegetables are low in soluble iron and appear not to be well utilized 
as a source of iron by infants. (Kohler, et al.,?° and Stearns?®). 


3 Pablum (and Pabena) are high both in total iron (30 mg. per 100 Gm.) and 
* soluble iron (7.8 mg. per 100 Gm.) and can be fed in significant amounts at 
an early age, without digestive upsets. (Blatt,’“° Monypenny’’) . Clinical studies 
of sick and well babies have shown Pablum to be of value in raising hemo- 
globin values (Crimm, et al.,’" Summerfeldt and Ross**), even when egg yolk 

and spinach were not effective (Stearns*®). 


Pablum, a palatable mixed cereal food, vitamin and mineral enriched, and 
cooked thoroughly and dried, consists of wheatmeal (farina), oatmeal, wheat 
embryo, cornmeal, powdered beef bone, sodium chloride, alfalfa leaf, brewers’ 
yeast, and reduced iron. (The oatmeal form of Pablum is called Pabena.) 


Bibliography on request. 


MEAD JOHNSON & CO., Evansville 21, Ind. U.S.A. 
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Are you looking for an easier method of 
controlled laboratory feeding? A method 
that saves time and labor?... Then feed a 
ready-mixed Purina laboratory ration. Purina 
Rabbit Chow (complete) is a balanced diet 
for rabbits, and ideal for guinea pigs when 
fed with greens. Purina Dog Chow is a 
complete ration for rats, mice, hamsters, 
dogs and cats. See your Purina dealer, or 
write for information to 


PURINA MILLS 


> 
Authors’ Abstracts 
in 
ANATOMY 
ANTHROPOLOGY 
MORPHOLOGY 
NEUROLOGY 
NUTRITION 
PHYSIOLOGY 
ZOOLOGY 


| e Issued promptly and in advance of publication of manuscripts 
appearing in the journals of The Wistar Institute. 
e Contributed to and edited by outstanding scientists in the 
respective fields. 


Practical and Inexpensive 


Invaluable to the scientist and research worker. 
A quick method of keeping informed of the trend of current 
biological literature. 
For further information address 
The Wistar Institute of Anatomy and Biology 
Woodland Avenue and Thirty-sixth Street, Philadelphia 4, Pa. 


— 
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St. Louis 2, Mo. 
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PENICILLIN 


MERCK 
soDIUM SALT 
LtoT NO- 


300,009 


oder 


Consult ies! 


MERCK 


Rahwar, 
Cham ete 


A RECORD OF PERFORMANCE 


HOROUGHGOING experience and established 

leadership in organic research, development, 
and production have been the determining factors 
in the rapid achievement of large-scale Penicillin 
production by Merck & Co., Inc. 


Intensive research on Penicillin, begun in the 
autumn of 1940, established a sound basis for the 
successful development of mass production. By 
applying chemical engineering principles to the 
manufacture of this intrinsically unstable and 
difficultly produced substance, Merck & Co., Inc. 
succeeded in devising and perfecting a practical 
method of production, based on the mass-fermen- 
tation principle. 


The following chronologic review tabulates the 
more important advances leading to the present 
volume of Penicillin production, including some of 
the contributions that we have been privileged 
to make: 


1929— Penicillin discovered by Fleming in England. 


1932—First report by British investigators con- 
firming original work on Penicillin. 


1940—First isolation of solid Penicillin by Oxford 
investigators. 


1940— Merck research on antibiotics concentrated 
on Penicillin. 


1941—First report of Penicillin’s clinical value. 


LETS ALL 
BACK THE ATTACK 
WITH WAR BONDS 


An illustrated booklet describing the clinical uses of Penicillin Merck is available on request. 


1941—Prof. H. W. Florey and Dr. N. G. Heatley, 
of the Oxford group, visited the United States to 
confer with interested Government officials and 
manufacturers, with the objective of establishing 
Penicillin production in America. 


1941—Dr. Heatley, who participated in the first 
production work in England, remained at the 
Merck Research Laboratcries to collaborate with 
Merck chemists in developing test and production 
procedures. 


1941— Merck brought about a reciprocal arrange- 
ment between British and American investigators 
to spur production in cooperation with the United 
States and British governments. 


1942— Merck supplied Penicillin for first case of 
bacteriemia successfully treated with Penicillin in 
America. 


1942—Merck Penicillin was rushed under police 
escort to Boston for treatment of the Cocoanut 
Grove fire casualties. 


1943— Merck sent supplies of Penicillin to England 
by air transport for urgent therapeutic use by the 
United States Army Medical Corps. 


1943—Large-scale production of Penicillin was 
established by Merck to meet Government re- 
quirements. 


1944—Merck sends ever-increasing supplies of 
Penicillin to our Armed Forces. 


Merck & Co., Inc. will continue to surpass present production records, with the 
urgent objective of supplying adequate quantities of Penicillin for civilian use, 
as soon as the essential requirements of our Armed Forces have been fulfilled. 


MERCK & Cco., Inc. Mane acluring Chemists RAHWAY, N. J. 


In Canada: Merck & Co., Ltd., Montreal and Toronto 
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BY THE TONS 


MAKING VITAMINS 


+4 


If you were to look in at any time, on our “Making Vitamins 
by the Tons,’ you would see that the process is far more than 
a matter of mere quantity production. 


It is a matter of finest quality, unremittingly produced in 
quantity. That involves many delicate micro-assays and other 
precision tests—as conducted, for example, in this one of the 
multiple Roche control laboratories. 

In addition to tests described in the U. S. Pharmacopoeia and 
other guides, are some devised by our own chemists, to whom 
many years of exclusive experience in vitamin work have re- 
vealed important fine points in maintenance of quality control. 
See that the vitamins going into your research projects come 
— Roche Park. Technical data and quotations gladly sup- 
plied. 

Vitamin Division 
HOFFMANN-LA ROCHE, INC., Roche Park, Nutley 10, New Jersey 


World Famous for Fine Pharmaceutical Chemicals. 
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NOTICE TO CONTRIBUTORS 


THs JOURNAL oF NUTRITION appears monthly for the publication of original 
research bearing on the subject of nutrition and occasional reviews of the literature 
dealing with this subject. 


THe JouRNAL oF NUTRITION is the official organ of the American Institute of 
Nutrition organized for the dissemination of scientific knowledge regarding nutrition. 
The officers of the Institute are, Howard B. Lewis, President; Icie Macy Hoobler, Vice- 
President; Arthur H. Smith, Secretary; W. H. Sebrell, Treasurer. 


Preliminary notices will not be accepted. No paper which has already appeared 
will be accepted nor will simultaneous publication elsewhere be permitted. 


The paper must be accompanied by an author’s abstract not to exceed 225 words 
in | which will appear on the advance abstract cards of the Bibliographic Service 
of The Wistar Institute in advance of complete publication. Nothing can be done with 
the manuscript until the abstract is received. 


Manuscripts and drawings should be sent by express prepaid or by registered 
mail to the Editor, Dr. Grorcze R. Cowaitt, Yale University School of Medicine, 
333 Cedar Street, New Haven 11, Conn. 


Manuscripts should be typewritten in double spacing on one side of paper 8} X 11 
inches, and should be packed flat—not rolled or folded. The original, not carbon, 
eopy should be sent. The original drawings, not photographs of drawings, should 
accompany the manuscript. When photographs are used for halftone reproduction 
glossy prints should be sent. Authors should indicate on the manuscript the approxi- 
mate position of text figures. 


Manuscripts and drawings should be submitted in complete and finished form with 
the author’s complete address. All drawings should be marked with the author’s name. 
The Wistar Institute reserves the privilege of returning to the author for revision 
approved manuscript and illustrations which are not in proper finished form for the 
printer; or, if the author so desires, The Wistar Institute will prepare the manuscript 
and charge the author the cost of this work. When the amount of tabular and illustra- 
tive material is judged to be excessive, or unusually expensive, authors may be 
requested to pay the excess cost. 


The tables, quotations (extracts of over five lines), and all other subsidiary matter 
usually set in type smaller than the text, should be typewritten on separate sheets and 
placed with the text in correct sequence. Footnotes should not be in with the text 
(reference numbers only), but typewritten continuously on separate sheets, and numbered 
consecutively. Explanations of figures should be treated in the same manner, and, like 
footnotes, should be put at the end of the text copy. A condensed title for running page 
headline, not to exceed thirty-five letters and spaces, should be given. Citations of 
literature should be made in the text by numerals indicating the year of publication. 
Authors’ names (followed by year, title, etc.) should be arranged alphabetically in a 
list at the end of the paper only. 


Figures should be drawn for reproduction as line or halftone engravings, unless 
the author is prepared to defray the additional cost of a more expensive form of 
illustration. In grouping the drawings it should be borne in mind that, after the 
reduction has been made, text figures are not to exceed the dimensions of the printed 
matter on the page, 5 X 74 inches. Single plates may be 5 X 74 inches, or less. No 
double plates will be accepted. 


Figures should be numbered from 1 up, beginning with the text figures and 
continuing through the plates. The reduction desired should be clearly indicated on 
the margin of the drawing. 


All drawings intended for photographic reproduction either as line engravings 
(black-ink pen lines and dots) or halftone plates (wash and brush work) should be 
made on white or blue-white paper or bristol board— not on cream-white or yellow- 
toned. Photographs intended for halftone reproduction should be securely mounted 
with colorless paste — never with glue, which discolors the photograph. 


Galley proofs and engraver’s proofs of figures are sent to the author. All 
corrections should be clearly marked thereon. 


The journal furnishes the author fifty reprints, with covers, of the paper gratis. 
Additional copies may be obtained according to rates which will be sent the author as 
soon as the manuscript has been examined. 
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